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on 
A n Eva luat ion o f the Effect iveness o f Studio-based Teaching for a First Year E lect ron ic 
Engineer ing degree course 
Th i s thesis presents the results o f a s ix -year s tudy conducted on t w o equ iva len t g roups , one g roup 
taught i n t rad i t i ona l mode , i.e. lecture/ t iUor ia l and labo ra to i y ; and another g roup taught us ing a 
studio-based m e t h o d o l o g y that integrated these three in to a un i ta ry w h o l e . 
The օօւՄտշտ s t i ld ied we re t w o , l i n k e d , first year i n t r oduc to ry courses i n e lec t ron ic eng ineer ing , 
taught over t w o semesters. T h e y were par t o f the M a n u f a c t u r i n g Eng ineer ing , and Mecha t ron i c 
Eng ineer ing degree p rog rammes at C i t y U n i v e r s i t y o f H o n g K o n g ( C i t y U ) . 
T h e first par t o f the thesis attempts to p lace the e v o l u t i o n o f s tudio-based teach ing in to t w o m a j o r 
streams o f educat iona l deve lopment over the past century - the m o v e towards co l labora t ive and co ­
operat ive l ea rn ing i n sma l l groups, and the in tegra t ion o f c o m p u t i n g and the in ternet as enab l ing 
technolog ies іл learn ing . 
N e x t , the equ iva lence o f the con t ro l g roup (non-s t i id io-based) and exper imenta l g roup (s tud io-
based) is establ ished. T h e n , an analysis o f the assessments is car r ied out , w h i c h demonstrates that 
the exper imenta l g roup n o t on l y ach ieved h ighe r grades, bu t also ach ieved deeper lea rn ing . 
A qua l i ta t i ve analys is o f responses f r o m the groups at C i t y Un i ve r s i t y is then discussed, comp le ­
men ted b y a s im i l a r analysis o f students s t udy i ng o n a studio-based e lectronics course at Rensse­
laer Po ly techn ic ins t i tu te (RP I ) , T roy , N e w Y o r k , U S A . Responses f r o m other studies o f students 
on s tudio-based courses at R P I and C i t y U are also i nc l uded for compar ison . 
The nex t sect ion considers s imi lar , b u t no t so comprehens ive , studies o f s tudio-based teach ing at 
ins t i tu t ions other than C i t y U and R P I . T h e n , l e a n i i n g sty le theory is cons idered as one w a y o f 
a t tempt ing to exp la i n w h y some students d i s l i ke the studio-based classes w h i l e con t i nu i ng to get 
better results. I t is conc luded that a l though learn ing-s ty les m a y be he lp fu l i n exp la i n i ng some o f 
the cont rad ic t ions i n the results, fiirther w o r k is needed before any finn conc lus ions i n th is area can 
be reached. 
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Chapter 1 
T h e t h e o r y a n d p r a c t i c e b e h i n d s t u d i o t e a c h i n g 
"Ге// me and III listen. Show me and I'll understand. Involve me and I'll learn " 
Teton しakota Nat ive Amer ican saying 
1.1 Introduction 
Cogni t ive researchers, f rom Piaget onwards, have shown that real learning and understanding are 
better accomplished through cooperative and interactive techniques. Recent developments in these 
theories o f l eam ing emphasise the importance o f communications and col laborat ion, both between 
teacher and students and students themselves. Coincident w i th some o f the latest developments in 
the theory and practice o f cooperative and interactive learning has been the development o f 
computer technology, especially the rapid acceptance and use o f the Wor ld Wide Web/Internet, 
coupled w i th the widespread adoption o f computers in education at al l levels. 
The synthesis o f these two developments has g iven rise over the past decade or so to completely 
new paradigms o f teaching, usually starting w i t h science and technology, and then gradually 
migrat ing into other academic discipl ines. This introductory section seeks to consider some o f the 
more signif icant o f these efforts, and then show how it has been applied to engineering and 
applied science courses at universi ty level. As this is an attempt to put the development o f the 
studio teaching paradigm into the historical context o f educational developments up to the m i d 
1990ร, a discussion o f more recent developments is left unti l a later chapter. The chapter is then 
concluded w i th a series o f questions raised by these developments, and also an out l ine o f the 
research methodology used to t ry and answer them. 
As is inevitable in such cases, there w i l l be many interesting ideas discussed at a very superf icial 
level. This is just to t ry and set the background o f the work being reported; it is just not possible 
in the space a l lowed to explore al l the fascinating byways o f educational theory and practice! 
1.2 Histor ica l background 
The development o f small group interactive learning pedagogies over the past 30 to 40 years 
dif fers on each side o f the At lant ic . A round 100 years ago, John Dewey in the USA, began arguing 
for the k ind o f change that wou ld move schools away f rom authoritarian dassrooms w i t h abstract 
notions to environments ๒ wh ich learning is achieved through experimentat ion, practice and 
exposure to the real wor ld . ๒ the 1920ร he was promot ing cooperative learning as part o f his 
project method o f instruction (Dewey, 1924). A l so , at this t ime, Piaget started producing his 
seminal works on how knowledge develops in chi ldren. A l though "Dewey in the USA, Montessori 
in I taly and Freire in Brazi l fought harder for immediate change in schools, Piaget's inf luence on 
modern education is deeper and more persuasive" (Paperi, 1999). The work o f Piaget is central to 
understanding how small group interactive learning takes place, and w i l l be considered in detail 
below. 
The ideas put forward by Jane Abercrombie (1960) in the 1960ร in the U K had an almost immediate 
impact on the pr imary and tert iary education sectors there. However, in the us it was the rapid 
changes and expansion o f tert iary education that caused a rethinking o f tradit ional methods o f 
teaching. 
The term collaborative learning was coined, and the basic idea f irst developed, ๒ the 1950'ร and 
1960'ร by a group o f Br i t ish secondary school teachers and by a b io logis t s tudying Br i t ish 
postgraduate education-specif ically, medical education. Two o f the early researchers were Mason 
(1970)， and James (1968). Mason and James were colleagues at Goldsmith 's Col lege, Universi ty 
o f London , and were commi t ted dur ing the Vietnam era to democrat is ing education and to 
e l iminat ing f rom education what were perceived by them as social ly destructive authoritarian 
social forms. Col laborat ive learning, as they thought o f it emerged, f rom this largely pol i t ica l , 
topical effort. 
Many o f these themes had already been explored and their educational value a f f i rmed by the 
earlier f indings o f Abercrombie. Her Anatomy of Judgement: an investigation into the process of 
perception and reasoning ( 1960) culminated ten years o f research on the selection and t ra in ing o f 
medical students at Universi ty Col lege, Universi ty o f London. This research suggested that the 
art o f medical judgement, diagnosis and other key elements o f medical practice, were better learned 
in small groups o f students ar r iv ing at a diagnosis col laborat ively than by students work ing 
individual ly. 
She began her study by observing groups o f medical รณdents w i th a teaching doctor gathered 
round a ward bed to diagnose a patient. She then made some smal l , but signif icant changes, by 
asking the students to make a group diagnosis instead o f each one mak ing an ind iv idual diagnosis 
in turn. She asked the students to discuss the case as a group and them come to a consensus, a 
single diagnosis they could al l agree on. What she found was that students learning this way 
acquired good medical judgement faster than individuals work ing alone, ( ib id . , p l 9) 
[ท 1964 the Hale Commit tee on Universi ty Teaching Methods (Univers i ty Grants Commit tee 
(UGC) , 1964) reported that discussion in small groups was to be preferred to large, impersonal 
lectures. They advocated a more student-centred approach to teaching, and this stimulated much 
discussion about university teaching. A few years later, The Nat ional Un ion o f รณdents, Report 
of the Commission on Teaching in Higher Education (1969) indicated a distinct preference for 
small-group teaching.' The report showed that, at the top o f a list o f funct ions, over 5 0 % o f 
student respondents agreed that the funct ion o f group teaching was " to encourage learning and to 
facil i tate the exchange o f ideas', as compared to the ( lowest placed) 17% who agreed that it was 
" to train students to wo rk independently" ( ib id . , Table X V ) . Abercrombie delves deeper into the 
' I was involved with this commission, as both an undergraduate and postgraduate student at the University 
of Surrey. The Students' Union set up an Education Committee, of which I was a member, to provide feed­
back on discussion papers sent by the NUS to each university. This resulted in a comprehensive report which 
was presented both to the NUS and the University Senate. This resulted in the establishment of a University 
Education Committee, with me as a student member. Some innovative ideas were implemented by many 
departments as a result o f this committee, and one outcome was the foundation of the Institute for Educa­
tional Technology headed by Prof. Lewis Elton. This pioneered many applications of technology in aiding 
learning (and provided the initial stimulus for the work I have done in this area over the past 30 y ears) and has 
since evolved into the Department of Educational Studies. 
implications o f these, and other, reports in Aims ond Techniques of Group Teaching, (SRHE, 
1970). 
On the other hand, in the Uni ted States, a dif ferent mot ivat ion for invest igat ing new pedagogies 
arose. Accord ing to Brufee (1992, p24): 
"For Amer ican college teachers, the roots o f col laborative learning l ie neither in 
radical polit ics nor in research. They lie in the nearly desperate response o f hamed 
colleges dur ing the early 1970'ร to a pressing educational need. A decade ago, 
faculty and administrators in instiณtions throughout the country became aware 
that, increasingly, students entering college had di f f icul ty domg as wel l in academic 
studies as their native abi l i ty suggested they should be able to do. O f course, 
some o f these students were poor ly prepared academically. M a n y more o f them, 
however, had on paper excellent secondary preparation. The common denominator 
among both the poor ly prepared and the seemingly wel l prepared was that, for 
cultural reasons we may not yet fu l ly understand, al l these students seemed to 
have d i f f i cu l ty adapting to the tradit ional or " n o r m a l " conventions o f the college 
classroom." 
Symptomatic o f the d i f f icu l t ies these students had adapting to col lege l i fe and work was that 
many refused help when it was offered. The help offered was most ly tu tor ing and counsell ing 
programmes staf fed by graduate students and other profess ionals . These fa i led because 
undergraduates refused to use them. Solutions to this problem included mandated programmes 
that forced students to accept help they evidently did not want through to sink֊or-swim programmes 
that assumed that students who needed help d idn' t belong in college i f they d idn ' t seek it. 
Some college faculty members argued that students were refusing help because the k ind o f help 
provided seemed merely an extension o f the work, the expectations, and above al l the social 
structure o f tradit ional classroom learning. The social organisation o f learning was fashionable in 
the late 1960ร, and the wr i t i ng at that t ime, about changes in pr imary and secondary education, 
seemed to suggest that it was tradi t ional classroom learning that possibly left these students 
unprepared in the first place (See Brufee, ib id . , p24). They needed help that was not an extension 
o f but an alternative to tradit ional classroom teaching. Some colleges tr ied peer tutor ing, where 
teachers could reach students by organising them to teach each other. 
Peer tutor ing was just one way o f doing that. Col lect ively, peer tutor ing and simi lar modes such 
as peer cr i t ic ism and classroom group work were classif ied as col laborat ive learning, as defined 
by the Br i t ish researchers led by Abercrombie. In practice, the term meant a fo rm o f indirect 
teaching in which the teacher sets the problem and organises students to work it out collaboratively. 
The tenn encompassed a range o f methodologies, for example, students learn to describe the 
organisational structure o f a peer's paper, paraphrase it, and comment both on what seems we l l 
done and what the author might do to improve the work . The teacher then evaluates both the essay 
and the cr i t ical response. In another type o f col laborative learning students in small groups work 
toward a consensus in response to a task set by the teacher. 
Whereas as the work o f Brufee, and even Abercrombie, uses small group methods, it does not 
usually invo lve a teacher being present. The students work everyth ing out themselves w i th l i t t le 
guidance as they go along. Cooperative learning, on the other hand, involves not only interaction 
w i th in the group, but also w i th in a more formal learning environment, usually w i th the teacher 
being present. This has led to something o f a split in the ranks o f the smal l group interactive 
learning proponents. 
Accord ing to M i l l s and Cotte l i (1998, 6) 
" B r u f f e e ( I 9 9 5 ) , sees cooperative learning, because it was developed at the pre­
collegiate level, as a more "repressive" fo rm o f pedagogy w i t h teacher-developed 
goals and assessments, constant supervision, and the discouragement o f dissent. 
Col laborat ive learning, he feels, is more adult-centred because it assumes student 
responsib i l i ty for governance and evaluat ion and encourages disagreement. 
Bruflfee'ร posit ion fai ls to recognise the major concerns o f v i r tua l ly al l faculty 
commi t ted to group w o r k : t ime and content coverage. In an ideal learning 
environment, students wou ld be free to explore topics as a "shared conversat ion," 
reach their own conclusions, and clar i fy, and sometimes resolve, any academic 
or Іпїефег50па1 disagreements". 
Unfortunately, the typical classroom is st i l l bounded by the tradit ional constraints o f the t imetable 
and the pressure o f work ing w i t h i n disciplines especially at the tert iary level. The curr icu lum also 
has to introduce รณdents to important concepts and core knowledge. Furthermore, " i n classrooms 
filled w i t h diverse learners at a l l levels o f academic preparation and social enculturation, there 
are compel l ing reasons why faculty and students should deliberately create an environment where 
learning can be both eff ic ient and ef fect ive" ( ib id . , p6). Advocates o f pure col laborative learning 
also neglect to consider that in practice other aspects must be taken into account. These include 
instructional act iv i ty; the instructor's role; the students' roles; the introduct ion o f group dynamics 
and group format ion; rules for instruct ion; and assessmenťevaluation. Faculty may also vary 
their approaches w i th in an activi ty. 
In practice, most teachers using small group interactive teaching use a mixณre o fbo th approaches. 
For example "dur ing a peer-edit ing session, the students' roles w i th in deliberately teacher-formed 
teams might be careful ly and fu l l y designated by the instructor (a cooperative approach) who then 
leaves the room (a col laborative approach)", ( ib id . p7) 
Most faculty f ind that students, even adults, welcome the structure provided by a cooperative 
approach. เท fact, most find that the structured nature o f cooperative learning results in both 
eff ic iency and accountabil i ty in the classroom. Accord ing to M i l l s and Cot te l i ( ib id . p7), "Cooper 
(1990) regards the key to successful cooperative learning as "Structure! Structure! Structure!" 
(p. 1 ). The end goal should be a smoothly operating classroom, but not one that runs w i th c lockwork­
l ike precis ion". 
The argument that cooperative learning only appi ies to school-based classes - as much o f the 
research in the last decades has been conducted at these levels - understates its benefits, according 
to Natasi and Clements (1991); they seem to be universal: "Cogni t ive-academic and social-
emotional benefits have been reported for students from early elementary through college levei. 
f r om diverse ethnic and cu l tura l backgrounds, and hav ing a w ide range o f ab i l i t y levels. 
Furthermore, cooperative learning has been used effect ively across a w ide range o f content areas, 
inc lud ing mathematics, reading, language arts, social studies, and science" (p. 111) 
Integrated studio teaching, the pedagogy described and evaluated in this thesis, is a perfect example 
o f cooperative learning at tertiary education level. 
1.3 Piaget 
It is probably true to say that the ideas formulated by Piaget in the first ha l f o f the 20th сепШгу 
have had a most profound impact on current educational concepts. Vir tual ly al l students o f education 
in the past 50 years have had to study his work , and have come to know, i f not understand, his four 
major concepts. Most educational reforms over this period o f t ime have also paid l ip-service to 
his ideas. However, it is on ly over the past twenty years or so that Piagetian concepts have moved 
f rom the schoolroom into college and universit ies. 
This is especially true o f his concept o f formal operations. Piaget studied early adolescents. A t 
this age, many can deal w i t h hypothetical situations and their thought processes are not t ied down 
exclusively to what is immediate and real. Accord ing to Beard (1969), " A t the beginning o f 
adolescence social l i fe enters a new phase o f increasing col laborat ion wh ich involves exchange 
o f view-points and discussion o f their merits before jo in t control o f the group is possible". (p97) 
A s Beard continues, "Th is obviously has the effect o f leading ch i ldren to a greater mutual 
understanding and gives them the habit o f constantly placing themselves at points o f v iew wh ich 
they d id not previously ho ld . Consequently, they progress to making use o f assumptions". Beard 
then goes on to pose the question "Cou ld this development o f formal operations occur wi thout co­
operation and discussion? Evident ly Piaget believes that i t wou ld not" . 
A l though college and university students are generally in their late teens or early twenties, even at 
university level the qual i ty o f students' th ink ing in their own subjects may st i l l on ly part ly attain 
the level o f formal operations, despite Piaget's f ind ing that th ink ing at this level is normal ly more 
fu l l y achieved at sixteen y ears.^ Accord ing to Beard (1969); 
"Observations and experiments by Abercrombie ( 1960), w i th first-year university 
students in London showed that although they were wel l -grounded ๒ the facts o f 
biology, physics and chemistry they were often unable to use their in format ion to 
solve sl ight ly unfami l iar problems or to defend a v iew in argument, and they 
tended to observe what the textbook said should be there rather than what was 
actually on a slide or X - ray " ( p i 17). 
Piaget ( 1926) held that "social-arbitrary knowledge ― language, values, rules, moral i ty, and symbol 
systems (such as reading and maths) ― can be learned only in interactions w i t h others" (Slavin, 
1996， p29). Accord ing to Slavin, "many Piagetians .... have called for an increased use o f 
cooperative activit ies in schools. They argue that interaction among students on learning tasks 
2 There is some evidence to show that this does in fact occur, with reference to more ftilly achieved, at 16 




Assimilation ^ — — A c c o m m o d a t i o n 
Figure 1.1 Diagramatical representation o f the Piaget's theory o f equil ibration ( f rom 
Hergenhahn and Olson, 1993, р 280) 
w i l l lead in i tsel f to improved student achievement. Students w i l l learn f rom one another because 
in their discussions o f the content, cognit ive conf l ic ts w i l l arise, inadequate reasoning w i l l be 
exposed, and higher-qual i ty understandings w i l l emerge" ( ib id . , p29). 
Piaget introduced the concepts o f assimilation and accommodat ion, two functional invariants that 
occur at all levels o f intel lectual development. Ass imi la t ion refers to a k ind o f matching between 
the cognit ive structures and the environment. As the cognit ive structure changes it becomes possible 
for the chi ld to assimilate dif ferent aspects o f the physical environment. Accommodat ion , on the 
other hand, is the process by wh ich the cognit ive structure is modi f ied. Accord ing to Hergenhahn 
and Olson ( 1993， p279), " I t should be clear, however, that early experiences tend to involve more 
accommodat ion than later experiences because more and more o f what is experienced w i l l 
correspond to exist ing cogni t ive structures, mak ing substantial accommodation less necessary as 
the ind iv idual matures". 
Piaget assumed that al l organisms have an innate tendency to create a harmonious relat ionship 
between themselves and their envi ronment. He def ined the concept o f equi l ib ra t ion as the 
cont inuous dr ive toward equ i l ib r ium or balance. The dual mechanisms o f assimi lat ion and 
accommodation, along w i th the dr iv ing force o f equi l ibr ium, provide for slow but steady intellectual 
growth. Hergenhan and Olson ( ib id. , p280) construct a diagram, F ig . 1.1, to explain the interaction 
between these mechanisms. This bears a close relationship to the concepts behind the integrated 
teaching studio. 
Many researchers f o l l ow ing Piaget believe that, in many ways, ！earners construct their o w n 
knowledge. I f one accepts this, then Meyers, ( 1986, p. 13) for example, finds that Piaget's concept 
o f mental structures is part icularly helpful in th ink ing about education. Piaget maintains that 
activit ies. As chi ldren interact w i th their psychological and physical environments, they begin to 
fo rm ...... structures o f thought. These structures help to organise the chi ld 's experience and direct 
future interact ions" (Piaget, 1976， p. 119) 
Meyers and Jones (1993, р 20), commenting about Piaget's concepts ๒ their book, Promoting 
active learning ： strategies for the college classroom, state that whi le "we are not commit ted to 
the specif ic forms o f intellectual development Piaget def ined, we do agree w i th h im about a basic 
principle o f education: students, no matter what their age, need opportunities to engage in activities 
- w i th teachers, fe l low students, and materials - that help them create their own mental structures 
and test them, thus making better sense o f the wor ld around them" . 
เท this regard, they ident i fy four key elements associated w i th active learning that are used to 
create new mental structures: talking and l istening, reading, wr i t ing , and reflecting. These elements 
involve cogni t ive activit ies that al low students to c lar i fy, question, consolidate, and appropriate 
new knowledge. "Each teaching strategy discussed ( in this book) іпсофогаїЄ5 one or more o f the 
key elements, or activit ies, as bui ld ing blocks for construct ing new knowledge. Nevertheless, we 
would be the f i rst to admit that nothing is gained by s imply having students talk, l isten, wr i te , 
read, or reñect-unless those activities are we l l structured and guided by teachers. There are sound 
pedagogical reasons for adopting active-learning strategies, and we are more l ikely to encourage 
students in those activit ies i f we better understand how they work and how we can use them 
ef fect ive ly" ( ib id . , p21). 
In many ways, it can be seen that the work o f Piaget is central to any discussion o f small group 
interactive learning. Coupled w i th developments o f his wo rk in the use o f comput ing as an 
interactive learning too l , as developed by Papert, for example, Piageťs concepts fo rm one o f the 
theoretical basis o f integrated studio teaching. 
1.4 Papert 
Seymour Papert was an Amer ican mathematician who spent the early sixties at Piageťs Centre 
for Genetic Epistemology. He then went to M IT , where he was one o f t he founders o f the Ar t i f i c ia l 
Intell igence Laboratory. In 1980 he published the seminal book ''Mindstorms; children, computers 
and powerful ideas'' (Papert, 1980). In this book he details the development o f the L O G O computer 
language as we l l as the concepts o f turtles, dynaturtles and microwor lds . Papert's work became 
the basis for much o f the fo l low ing two decades' development o f educational comput ing. This 
was based upon two premises. First, that it is possible to design computers so that learning to 
communicate w i t h them can be a natural process, and that chi ldren can learn to use computers in 
a masterful way, and secondly, learning to communicate w i th a computer may change the way 
other learning takes place. In this book, Papert also propounded a computer on the desk o f every 
child. His book "sent Shockwaves throughout the education and psychological communities, both 
o f wh ich accused h im o f pushing an educational p i l l that wou ld induce psychosis in our ch i ld ren" 
(Schwartz, 1999). 
He also took the cultural interpretations o f Piaget, where learning amongst urban chi ldren in 
Europe or the USA and those in Af r ican tr ibal cultures are considered to be different, although 
both va l id , and changed them to look at the difference between pre-computer cultures (whether 
urban Western or A f r i can tr ibal) and the "computer cultures'" that may (and have) develop over 
3 เท 1984 I set up a company in UK to design and manufacture educational robots. The first model we 
designed was a LOGO turtie based upon Papert's ideas. Over 200 of these were sold worldwide. The com­
pany developed many, extensions and sub-routines based around the LOGO language, in consultation with 
teachers using LOGO in their classroom, which enabled students to enhance many o f Papert's original ideas. 
Many discussions were held over a number of у ears with Papert himself, as well as with my fellow members 
of the British LOGO Users' Group, which has evolved into the EuroLOGO series of meetings and confer­
ences. Papertas ideas were also instrumental in me setting up a programme for teachers as part of a commu­
nity access computer project at the then Polytechnic of North London. This led to the publication of the 
journal "Educational Computing", which I edited for a number of years. 
the decades fo l l ow ing publ icat ion in 1980. As Mindstorms was published before the wor ld wide 
web was invented, many o f Papert's observations have proved prescient especially in the area o f 
person-to-person communicat ions. 
The L O G O environment, " instead o f the computer programming the ch i ld , the relationship is 
reversed: the ch i ld , even at pre-school ages, is in contro l : the ch i ld programs the computer" ( ib id . , 
р 19). The turtle is a computer-control led cybernetic animal exist ing in the "cogni t ive minicultures 
o f the L O G O environment" . It serves no purpose other than to be good to program and good to 
think w i th . Some turtles exist solely on the computer screen; others have a physical manifestat ion 
that can move about the f loor or desk, and may have a pen and l ights or sound 3 . The idea o f 
programming is introduced by the metaphor o f teaching the turt le a new word . Very power fu l 
learning takes place. Chi ldren work ing w i th in a L O G O environment are " learning a language for 
talk ing about shapes and fluxes o f shapes, about velocit ies and rates o f change, about processes 
and procedures" ( i b id . , р 13). 
What Papert, and those who applied his ideas, developed was a completely new way o f using the 
computer in the classroom, one that eventually found its way into the integrated teaching studio. 
As they discovered, " the computer is not a culture unto i tsel f but it can serve to advance very 
different cultural and phi losophical outlooks O f course, the turt le can help in the teaching o f 
tradit ional cur r icu lum, but 1 have thought o f it as a vehicle for Piagetian learning, which to me is 
learning wi thout cu r r i cu lum" (Papert, 1980, p31). 
In relating this to his experience w i th Piaget, Papert goes on to say: 
"There are those who th ink about creating a "Piaget ian cu r r i cu lum" or "Piagetian 
teaching methods". But to my mind these phrases and the activit ies they represent 
are contradict ions in terms, I see Piaget as the theorist o f learning w i thout 
curr icu lum and the theorist o f the k ind o f l eam ing that happens wi thout deliberate 
teaching. To turn h im into the theorist o f a new curr icu lum is to stand h im on his 
head. 
Bu t " teach ing w i thou t c u r r i c u l u m " does not mean spontaneous f ree- fo rm 
classrooms or s imply : leaving the ch i ld alone". I t means support ing chi ldren as 
they bu i l d the i r own intel lectual structures w i t h mater ials drawn f r om the 
surrounding culture. In this model , educational intervention means changing the 
culture, p lant ing new constructive elements in i t , and e l iminat ing noxious ones. 
This is ล more ambit ious undertaking than introducing a curr icu lum change, but 
one wh ich is feasible under condit ions now emerg ing" ( ib id . , p32) 
Papert goes on to enunciate three concepts o f what he calls "approbriable mathematics". (A l though 
his work was pr imar i ly concerned w i th learning mathematics, it applies to many other subjects, 
especially science and engineering, two disciplines tradi t ional ly w i t h a mathematical basis). First 
there is the pr inciple o f cont inui ty ; the mathematics must be continuous w i th well-established 
personal knowledge f rom which it can inherit a sense o f warmth and value as wel l as ^'cognit ive" 
competence. Secondly, is the power pr inciple; it must empower the learner to perform personally 
meaningful projects that could not be done without i t . Final ly, there is the pr incipie o f cultural 
resonance; the topic must make sense in terms o f a larger social context. A l though these three 
principles were or ig inal ly applied to turtle geometry w i t h i n a L O G O enviroiนฑent they equally 
apply to all learning wh ich is computer-based. 
Another concept wh ich Paperi introduced related to Bruner 'ร inf luential classif ication o f way o f 
knowing (Bruner, 1966a, 1966b). In this classif ication some knowledge is represented as act ion, 
some as image, and only the th i rd category as symbols. Accord ing to Paperi "Bruner has asserted 
that "words and d iagrams" are " impoten t " to represent certain kinds o fknowledge which are only 
représentai)๒ as act ion. . . . M y perspective is more flexible because i t rejects the idea o f the 
dichotomy (between) verbalisable and nonverbalisable. N o knowledge is entirely reducible to 
words, and no knowledge is entirely inef fable" (Paperi, 1980， p 9 6 ) 4 . 
In developing an integrat ion between computers and Piagetian concepts o f learning, Papert 
essentially developed a new paradigm o f learning, one wh ich became more and more inf luent ia l 
as the computer became more ubiquitous in classrooms, educational institutions and homes. As 
he says "Ou t o f the crucible o f computat ional concepts and metaphors, o f predicted widespread 
computer power and o f actual experiments w i th chi ldren, the idea o f Piagetian learning has emerged 
as an important organising pr inciple. Translated into practical terms this idea sets a research 
agenda concerned w i t h creating condi t ions for ch i ld ren to explore "na tu ra l l y " domains o f 
knowledge that have previously required didactic teaching; that is, arranging for the chi ldren to 
be in contact w i th the "mate r ia l " - physical or abstract ― they can use Piagetian learn ing" ( ib id . , 
Р187). 
Unfortunately, a l though Papert suggests that this type o f discourse is welcome in schools o f 
education and in science departments, " fund ing agencies as wel l as universit ies do not of fer a 
place for any research too deeply involved w i th the ideas o f science for it to fa l l under the heading 
o f education, and too deeply engaged ๒ an educational perspective for it to fa l l under the heading 
o f science. It seems to be nobody's business to think in a fundamental way about science in 
relation to the way people th ink and learn i t " ( ib id . , р 188 ) \ 
To summarise Papert's th ink ing; he saw the popular idea (at the t ime) o f designing a ' 'Piagetian 
cur r i cu lum" as "standing Piaget on his head. Piaget is par excellence the theorist o f learning 
wi thout a cu r r i cu lum" ( ib id . , р 216). As a consequence he formulated two ideas; a) signi f icant 
change in patterns o f intellectual development w i l l come about through cultural change, and b) 
the most l ikely bearer o f potential ly relevant cultural change in the near future is the increasingly 
pervasive computer presence" ( ib id . , р 216). 
l n the twenty years or so էԽէ Mindstorms was published Papert, and his colleagues, have continued 
to work on the development o f L O G O . However, his or ig inal ideas have inspired a whole range o f 
projects which do not in themselves involve simply wr i t i ng L O G O programs to produce geometric 
4 It is interesting to note that much engineering education is based on this dichotomy, which Papert's work 
tries to undermine! 
5 Many of us involved in science and engineering education would not necessarily agree with this point of 
view. But then Papert always aims to be nothing i f not controversial in these type of statements! 
f igures. One o f these was the development o f a new use o f programming by interfacing L E G O 
constructs to the computer. (Resnick et al , 1988). L E G O constructs are interactive, physical objects 
built w i th L E G O plastic blocks, gears, pulleys, etc., which are then controlled by a L O G O program 
on the computer. 
" G i v i n g chi ldren the opportunity to program behaviours into vehicles, robots, 
dinosaurs and other constructs o f their o w n design opened a new hor izon onto 
the possibi l i ty o f engagement: many chi ldren who were m i ld l y interested in the 
graphics programming showed high degrees o f enthusiasm in this new sphere. A t 
the same t ime many kinds o f program structure that were not spontaneously picked 
up in the o ld context now seemed obvious to the chi ldren. The conclusion to be 
drawn was not that L E G O constructs were better objects for programming than 
graphics. But that variety offered more chances for more chi ldren to relate to 
more concepts" (Papert, 1997). 
Harel (1991) and Kafa i (1995) developed the concept o f developing real products w i t h L O G O , 
w i th chi ldren work ing for an hour a day over most o f the school year instead o f for a few hours at 
a t ime on isolated projects. The first round had students producing a piece o f educational software, 
the second a complete video game w i t h all the supporting materials. In the past twenty years the 
L O G O environment has become an important, but not determining, part o f computer learning 
culture. The L O G O environment was one o f the first stages o f a cont inuing evolut ion. 
In 1996 Papert published The Connected Family (Papert, 1996) where he developed the idea that 
the computers that w i l l be the pivotal force for change w i l l be those outside the control o f schools 
and outside schools' tendency to force new ideas into o ld ways. One o f the basic assumptions 
behind integrated studio teaching, for example, is that students are computer and internet aware 
and competent. Whether this assumption is correct w i l l be considered in later chapters o f this 
thesis. 
Final ly, Papert wri tes: 
" I t is 100 years since John Dewey began arguing for the k ind o f change that 
wou ld move schools away f rom authoritarian classrooms w i t h abstract notions to 
environments in which learning is achieved through experimentation, practice 
and exposure to the real wor ld . I, for one, believe the computer makes Dewey's 
v is ion far more accessible epistemologically. I t also makes it pol i t ica l ly more 
l ike ly to happen, for where Dewey had nothing but phi losophical arguments, the 
present day movement for change has an army o f agents. The ult imate pressure 
for the change w i l l be ch i ld power" (Papert, 1996). 
1.5 Small group interactive learning 
Al though most o f Papert and Piaget's wr i t ings are concerned wi th school-based chi ldren, many o f 
their ideas have appl icat ion to adults, and especially those in the early years o f tert iary education. 
As cited above, Abercrombie recognised in the 1960ร that many young adults are st i l l at the stage 
o f formal operations, at least in some areas o f the i r learning process. Abercrombie also recognised 
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that the group system o f teaching focuses attention on the interaction between al l part icipants, 
students and teachers, not on the polarised interaction o f a student w i t h a teacher. 
Since the early 1960ร many researchers have fo l lowed in Abercrombie 'ร footsteps, and there is a 
burgeoning literature on the subject. As Abercrombie noted, "man is essentially a social animal 
and that he has to undergo an exceptionally long period o f development" (1970, p6). S lav in 
(1996) notes that, based on Piaget's theory o f COหsensation, i.e. the abi l i ty to recognise that certain 
characteristics o f objects remain the same when others change, there is a great deal o f support for 
the idea that peer interaction can help nonconservers become conservers. A l though this was directed 
at children aged between the ages o f five and seven the principal can be extended to older students. 
As M i l l s and Cottel i (1998, р 170) point out, the power o f groups is we l l documented, but groups 
" funct ion ing we l l only under structured condit ions where there is a clear, compel l ing task and 
where the team perforiหance requires both indiv idual accountability and mutual accountabi l i ty". 
In this scenario "the members hold themselves accountable for their individual contr ibut ions to 
the team, their col lect ive contr ibutions to the team, and the team's overal l result" (Katzenbach 
and Smith, 1993, p277). Wi th in a computerised environment, the challenge, as Salomon (1995) 
points out, is to create electronical ly genuine interdependence: 
*Tor genuine col laboration to take place, you need genuine interdependence, in 
its absence, teams do not funct ion the way they ought to , regardless o f how 
wonder fu l the computer tools they are given to work w i th are. In other words, 
computers can support col laboration provided it entails interdependence, but the 
computer is not l ike ly to produce this interdependence al l on its o w n " ( ib id . , p3). 
Mey ers and Jones (1993, р 20) believe that, in many ways, lear ners construct their own knowledge. 
เท this context, they f ind Piaget's concept o f mental structures part icularly helpful in their th ink ing 
about education (Piaget, 1976, p l 19). Here, 
"Piaget maintains that "ch i ldren do not receive knowledge passively but rather 
discover and construct knowledge through activit ies. As chi ldren interact w i th 
their psychological and physical environments, they begin to fo rm ...structures 
o f thought. These structures help to organise the chi ld 's experience and direct 
future interact ions"" (Meyers, 1986， p 13). 
A l though Meyer and Jones ( ib id . ) are not commi t ted to the specif ic forms o f intel lectual 
development Piaget def ined, they do agree wi th h im about a basic principle o f education: students, 
no matter what their age, need opportunities to engage in activities - w i th teachers, fel low students, 
and materials 一 that help them create their own mental structures and test them, this making better 
sense o f the wor ld around them. 
เท this regard, they ident i fy four key elements associated w i th active learning that we all use to 
create new mental structures: talking and l istening, reading, wr i t ing , and reOecting. These elements 
involve cognit ive activit ies that a l low students to clar i fy, question, consolidate, and appropriate 
new knowledge. 
The concept o f ' s t ruc tu red and guided cooperative learning ' is fundamental to the understanding 
o f studio teaching, along w i t h the use o f some sort o f ' incent ive ' , usually based upon group 
assessment rewards for innovative work . Slavin has attempted to define effect ive instruct ion in a 
more general context, based on the work o f John Carro l l (1963, 1989), wh ich focuses on the 
alterable elements o f Can-ol ľs model, those wh ich teachers and schools can direct ly change (see 
Slavin 1984; 1987; 1994). The components o f this model are as fo l lows: 
' ฯ . Qual i ty o f Instruction. The degree to wh ich informat ion or ski l ls are presented 
so that students can easily learn them. Qual i ty o f instruction is largely a product 
o f the qual i ty o f the curr iculum and o f the lesson presentation itself. 
2. Appropr iate Levels o f Instruct ion: The degree to wh ich the teacher makes sure 
that students are ready to learn a new lesson (that is, they have the necessary 
ski l ls and knowledge to learn i t ) but have not already learned the lesson. In other 
words, the level o f instruction is appropriate when a lesson is nether too d i f f i cu l t 
nor too easy for students. 
3. Incent ive: The degree to w h i c h the teacher makes sure that students are 
motivated to work on instructional tasks and to learn the material being presented. 
4. T ime: The degree to which students are g iven enough t ime to learn the material 
being taught" . (Slavin, 1996, p5) 
Slavin ( ib id . , p9) also shows that forms o f cooperative learning that have consistently increased 
student achievement have provided rewards to heterogeneous groups based on the learning o f 
their members (Slav in, 1995). "Th is incentive system motivates students to encourage and help 
one another to achieve. Rewarding students based on improvement over their own past performance 
has also been found to be an effective incentive system (Natr ie l lo, 1987; Slavin, 1980)，，. 
Aga in , according to Slavin ( 1996, p9), in addit ion to being a product o f specific strategies designed 
to increase student mot ivat ion, incentive is also inf luenced by quality o f instruction and appropriate 
levels o f instruct ion. 
"Students w i l l be more motivated to learn about a topic that is presented in an 
interesting way, that makes sense to them, that they feel capable o f learning. 
Further, a student's mot ivat ion to exert m a x i m u m effort w i l l be inf luenced by 
their perception o f the difference between their probabi l i ty o f success i f they do 
exert themselves and their probabi l i ty o f success i f they do not (Atk inson and 
B i rch , 1978; Slavin, 1977; 1994). That is, i f a student feels sure o f success or， 
alternatively, o f fai lure, regardless o f his or her efforts, then incentive w i l l be 
very low. This is l ikely to be the case i f a lesson is presented at a level much too 
easy or too d i f f icu l t for the student. Incentive is high when the level o f instruction 
is appropriate for a student, so that the student perceives that wi th effort the 
material can be mastered, so that the payo f f for ef fort is perceived to be great". 
Research on cooperat ive learning methods has indicated that team rewards and ind iv idua l 
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accountabi l i ty are essential for basic ski l ls achievement (S lav in , 1983a, b， 1989). It is not enough 
to s imply tel l students to work together; they must have a reason to take one another's achievement 
seriously. 
Further, research indicates that i f students are rewarded for doing better than they have in the 
past, they w i l l be more motivated to achieve than i f they are rewarded for doing better than others, 
because rewards for improvement make success neither too d i f f i cu l t nor too easy for students to 
achieve (Slavin, 1980). 
1.6 The Îearning environment for small group teaching 
Whi ls t developing the concepts o f the รณdio teaching environment, a number o f parallel init iat ives 
were tak ing place in other teaching concepts. One, The Foundation Coal i t ion, a programme 
sponsored by the Nat ional Science Foundat ion, (Foundat ion Coal i t ion, 2001) developed and 
implemented an Act ive and Collaborative learning technique that prescribes the fo l l ow ing five 
pr inciples: 
1. Posit ive Interdependence: Tasks are structured to encourage team members 
to rely on each other in order to accomplish team goals. Each team member should 
perceive that his/her indiv idual success depends on the success as a team; 
2. Ind iv idual Accountabi l i ty : Tasks are structured to encourage team members 
to be held accountable for doing their share o f the work , as wel l as mastering al l 
material. Each team members should perceive that he or she must be able to 
demonstrate mastery o f t h e material on an ind iv idual basis; 
3. Group Processing: Encourages each team to reflect on its performance as a 
team. Teams should periodical ly reกect on what they do wel l as a team, what 
they could improve, and what they might need to do dif ferently. 
4. in terpersonal and Socia l Sk i l l s : Team members pract ice and receive 
ins t ruc t i on in leadership, d e c i s i o n - m a k i n g , c o m m u n i c a t i o n , and c o n ก i c t 
management. 
5. Face-to-Face Interaction: Structure team tasks so that members spend al l or 
some o f their t ime work ing together. Encourage physical arrangements so that 
team members can see each other as they are work ing . For example, w i th teams 
o f four persons, encourage teams to arrange themselves so that they are al l facing 
each other instead o f sitt ing ๒ a row. 
Others, such as K o l b (1984) connect the concept to its intellectual roots, Dewey, Lew in and 
Piaget; and call attention to the important role that experience plays in the learning process, and 
use the term "experient ial learning". 
Ko lb ( ib id.) suggests that the most effective learning process requires the four di f ferent learning 
steps outl ined in Lewin 'ร experiential learning model , i.e. concrete experience, observations and 
retlections, fonnat ion o f abstracl concepts and generalisations, and, testing the impl icat ions o f 
concepts in new situations. 
Ko lb explains this cycle as fo l lows: The immediate concrete experience is the basis for observation 
and ref lect ions. A f te r that, the observations are assimilated into a theory f rom wh ich new 
impl icat ions for actions can be deducted. These impl icat ions then serve as guides in act ing to 
transform new experiences in knowledge in a learning spiral process. The sequence - experiencing, 
ref lect ing, generalising, and applying - is called the experientia! learning cycle or Ko lb ' ร learning 
cycle. Experiencing involves sensory and emotional engagement in activity. Ref lect ing involves 
watching, l istening, recording, discussing, and expla in ing the experience. General ising involves 
integrating theories and concepts into the overal l learning process. App l y ing involves engaging in 
a t r ia l -and-error process in wh ich the accumula t ion o f sensory exper ience, re f lec t ion and 
conceptualisation is tested in a particular context ( f rom Malave and Figuerdo, 2002). 
M i i l i s and Cotte l i (1998, p. 172) discussing the l iterature on deep learning, state that 
" W o o d s (1994) recommends that ins t ructors "create an env i ronment that 
encourages and rewards, and al lows suff icient t ime for "deep processing." Another 
way o f v iewing "deep processing" is: " D o n ' t t ry to learn everything f rom the first 
ac t iv i ty . B u i l d up your subject knowledge successively" ( i b id . , p7 . ) " . Th is 
progression by "deep versati le" learners cannot occur, according to Entwist le 
(1981), when surface learning is encouraged by: (1) work overload; (2) stress; 
(3 ) examinat ions that emphasise memor isa t ion and " regu rg i t a t i on " ; (4 ) an 
environment that rewards surface learning". 
When addressing the role o f technology in the learning environment, M i i l i s and Cottel i ( ib id . , 
p. 172) say that using technology in ways that promote sequenced learning w i th in groups can lead 
to more in-depth processing o f course content and, hence, more retention o f i n fo rma t i on , whether 
students are interacting w i th in a classroom setting or interacting through out-of-class electronic 
networks. 
M ü ü s and Cottel i ( ib id . , p. 179) also quote Alexander (1995, p6), who puts learning w i t h the 
Wor ld Wide Web in the broader context o f deep, not surface learning, c i t ing wo rk by Biggs and 
Telfer (1987) and Laur i l la rd (1993). Wi th this f ramework, she (Alexander) states: 
"The challenge for educational developers is to use this knowledge o f learning, 
together w i th an understanding o f the features o f the w w w , to design learning 
experiences wh ich promote a deep approach to learning so that 'wha t ' students 
learn is a deep understanding o f the subject content ， the abi l i ty to analyse and 
synthesise data and informat ion, and the development o f creative th ink ing and 
good communicat ion ski l ls ' ' . 
The connection between cooperative learning and technology is long-standing. L ight and Mevarech 
(1992) point out that 
"Since the early 1980s there has been a g row ing interest in the potentialit ies o f 
both cooperative learning and oť computers as facil i tators o f student learning. In 
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some respects, the claims made for each are rather s imi lar They are both based 
on theories in the area o f socia} cogni t ion and they both emphasize the role o f 
student interactions in enhancing a w ide range o f school outcomes, inc lud ing 
academic achievement, cogni t ive processes, metacognit ive sk i l ls , mot iva t ion 
toward learning, self-esteem, and social development (p. 155)". ( f rom M i i l i s and 
Cot te l i , ib id. , p l 7 1 ) 
M i l l i s and Cottel i ( ib id . , p l 72) conclude that i f technology is to be seen as a tool rather than as a 
dr iver or an "add-on, " then it must s impl i fy the learning process for students, not compl icate it. 
Too often, early innovators worked out convoluted ways to іпсофога їе technology into the 
classroom wh ich bui l t in resentment i f students were required to use i t or apathy i f they considered 
it a complex opt ion. 
Unfor tunately many applications o f technology in the classroom have not made allowances for 
the іпсофога ї іоп o f Piaget's insights about the need for reflection to be supported. As quoted in 
Meyers and Jones (1993), Piagetian scholars Lawson and Renner (1975) stress d isequi l ibr ium 
and equi l ibr ium as important processes in fonฑing new mental strucณres. So long as new knowledge 
f i ts into our present mental structures, we are pretty much in a state o f equ i l ib r ium. But when 
experiences and new knowledge do not fit w i t h i n these structures, we encounter d isequi l ibr ium -
a chal lenging and sometimes pa in fu l s i tuat ion. Then, through a process o f integrat ion and 
appropr iat ion, we either іпсофога Їе the new knowledge in our exist ing mental structures or 
construct new ones, thus returning to equ i l ib r ium. In a sense .... the process o f education is an 
ongoing dialectic between equi l ibr ium and d isequi l ibr ium. For it to work , that dialectic must 
include some quiet t ime for reflection so that students can integrate and appropriate new knowledge. 
Successful appl ication o f technology must a l low t ime for students to discuss and reflect, both 
inside and outside the formal class situation. 
As Meyers and Jones (1993, p.29) continue: 
" I f this Piagetian scenario is val id (and it makes sense to us), then we need to 
make room for reflection in our classes, especially fo l l ow ing the presentation o f 
new, cha l leng ing i n f o rma t i on that creates d i s e q u i l i b r i u m . B y s t ruc tu r ing 
opportunit ies for pondering and ref lect ion, we can help students sort things out 
as they restructure o ld ways o f th ink ing and move on to new understandings. In 
any significant learning experience, we cannot help prof i t ing f rom t ime specif ically 
set aside for ref lect ion. A t least that is what our personal experience as students 
and teachers suggests".*^ 
1.7 The studio teaching paradigm 
Al though the practical implementat ion o f studio teaching, that is, small group teaching based 
around a problem-based learning strategy, aided by technology, such as internet and World Wide 
6 For further discussion on this point, see the work of Shay er and Adey ( 1994), for example, in their CASE 
project (Cognitive Advancement in Science Education) where they deliberately induce cognitive conflict in 
the children starting secondary school and propose that this has an impact later on. Unfortunately, there is 
tittle room here to consider these ideas further. 
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Web access, w i th course materials therefore easily accessible, was or ig ina l ly implemented in an 
empir ical manner, it is possible to summarise some o f the ideas in the preceding section as fo l lows 
(after Wi lson and Mosher, 1994) 
• Learning is a highly interactive process. Teacher and students become invo lved 
in a learning "conversat ion" in wh ich both parties c lar i fy messages, test fo r 
understandings and are both transformed by the experience (Pea, 1992). 
• Teachers are not s imply the del ivery mechanisms o f the content o f a cur r icu lum. 
A l though good lecturers may be inspirat ional , the lecture is not ef f ic ient in 
st imulat ing student learning (Laws, 1991; Hestenes et a l , 1992; Redish et a l , 
1992), The model used by a number o f educators when work ing in col laborat ive 
learning situations is one where the teacher is a "coach" o f their students' learning 
process (Pea, 1992; Laws, 1991) 
• Education, especially for scientists and engineers, must not be too far removed 
f rom the context o f its meaning. I f learning is to be v iewed as a process that has 
meaning beyond the classroom, the students must be able to reach beyond the 
classroom. Either practitioners f rom the f ie ld o f study must be brought to the 
classroom - which is not always possible - or the students must be able to access 
this informat ion in other ways, for example, v ia the Wor ld-Wide-Web. 
• Learn ing can be enhanced by p rov id ing students w i t h access to power fu l 
comput ing tools that can a l low them to interact w i t h real data and solve open-
ended problems. Leaming-by-doing has been shown to be a successful pedagogical 
model to enable students to solve real-world problems. (Laws, 1991; Redish et 
a l , 1992). Th is approach also has the advantage o f suppor t ing i nd i v i dua l 
differences in learning styles. Students br ing to the classroom a divers i ty o f 
interests, levels o f preparation, cultural backgrounds and learning styles. 
• Cooperative learning is a h ighly structured, systematic instructional strategy in 
wh ich students wo rk in small groups toward a common goal. This strategy has 
been shown to promote active learning, positive student attitudes towards learning, 
and increase student interdependence. Increased interdependence is a posit ive 
goal for students because o f its effects on students Ітефег50па1 ski l ls , teamwork 
capabil i ty, and self esteem. Wh i le work ing in teams on a project, it is d i f f i cu l t for 
students to be passive onlookers; the cont r ibut ion o f each team member is 
important (M i i l i s , 1991). Teamwork is also becoming a wide ly implemented 
organisational strategy in many work settings, inc luding manufactur ing, services 
and government, instructional practices should prepare students for work ing in 
this type o f environment. 
Drawing on some o f these ideas, starting in the early 90ร, a number o f educators started rethinking 
the whole process o f teaching and learning wi th respect to science and engineering education, 
especially at university level. There was clearly a need for new teaching materiais and methodology 
that encouraged different modes o f learning. Also, as networking, mult imedia, mobi le technology. 
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and better software converged, educational institutions tr ied to discover new ways to improve 
learning, increase informat ion access - and save money! Rubinstein (1994), in the introduct ion to 
a seminal edi t ion o f Science (Nov. 1994) on the subject, wri tes: 
" เท small and large schools al ike, indiv idual teachers are developing innovat ive 
curr icula 一 and novel pedagogical techniques as we l l - to address the problems 
created by disaffected (and fearfu l ly unprepared) undergraduates". (p843) 
A t the same t ime, course feedback has shown that tradit ional courses were not preparing graduates 
for the ' rea l ' wo r ld , especially in science and engineering: 
"Tradi t ional courses, some w i l l tel l you , don ' t prepare (students) for the real 
wo r l d , and tradit ional teaching methods don' t engage their interest. The wor ld 
has changed, many say, and their universit ies haven ' t " (Rubinstein 1994, p843). 
Th is sense o f seeming i r re levancy o f t rad i t iona l ly taught courses to a graduate's eventual 
employment needs affects a l l aspects o f the learning process. Jack Wi lson , one o f the pioneers o f 
this new paradigm, and who implemented the studio teaching approach at Rensselaer Polytechnic 
Institute (RPI ) , is quoted as saying, "We pretended to teach them, and they pretended to learn" 
(Culotta, 1994, p875). 
Massy and Zemsky ( 1995) t r ied to summarise many o f the arguments for the int roduct ion o f these 
new techniques based on informat ion technology, especially its impact on product ivi ty, as fo l lows: 
"Economists define product iv i ty as the ratio o f outputs to inputs, or more generally 
as the ratio o f benefits to costs. Product iv i ty can be improved by: 
1. Producing signif icant ly greater benefits, encompassing qual i ty and 
we l l as quantity, at modestly greater uni t cost ( "doing more w i t h more" ) 
2. Spend๒g signif icant ly less money whi le l im i t ing benefits reductions 
to modest levels ( "doing less w i t h less") 
3. Producing greater benefits wh i le spending less money ( "do ing more 
w i t h less" ) " 
Product iv i ty also can be increased by improv ing qual i ty at the same unit cost - a result we consider 
a l im i t ing case o f "do ing more w i th less." ( ib id . , p5) 
However they then t ry to relate these general cr i ter ia to academia, most ly w i thout considering the 
history o f using technology to aid teaching and learning. 
So far, most IT-based academic product iv i ty improvements have involved doing more w i th more. 
Wi th labour - especially faculty labour - considered to be f ixed, IT becomes a qual i ty-enhancing 
add-on. This f i ts the faculty culture but suffers f rom at least two serious deficiencies. 
"F i rs t , scarcity o f add-on funding l imi ts I T ' S rate o f adoption. Whi le colleges and 
un ivers i t ies m igh t l i ke to pour money in to m o r e - w i t h - m o r e p r o d u c t i v i t y 
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enhancement, most are not in a posit ion to do so. Funding scarcity constrains the 
courseware market, thus inh ib i t ing would-be developers f rom mak ing the large 
front-end investments needed to exploi t folly I T ' S potential advantages. 
Second, and more fundamental ly, the more-wi th-more approach does not address 
the insti tut ion's need for cost containment. One can imagine a scenario where 
widespread I T add-ons produce a situation l ike that found in medicine, where 
technological breakthroughs produce a spending race that eventual ly threatens 
the system's affordabi l i ty. T ight f inancial circumstances current ly inhib i t such 
scenarios, but even i f today's constraints could be relaxed, more-w i th -more 
product iv i ty growth wou ld e venณal ly encounter new f inancial l im i t s . " (Massy 
and Zemsky, 1995, p6) 
1.8 Studio teaching in practice 
Studio teaching was in i t ia l ly implemented by scientists and engineers as a pragmatic and practical 
answer to questions raised concerning undergraduate teacMng o f scientists and engineers. Those 
conceiv ing the idea d id so f rom many years o f experience in teaching, and not f rom any pre­
defined educational theories. For the purposes o f this study, studio teaching is def ined as that 
teaching methodology that combines the t rad i t ional , and usual ly disconnected, elements o f 
engineering education into an integrated whole. In other words, lectures, tutorials and laboratory 
work , are not dif ferentiated, or allocated dif ferent t ime slots or di f ferent physical space in the 
t ime table. As mentioned above, a studio class, usually lasting two hours, may contain elements 
o f lecture, laboratory and tutor ia l , but they are presented hol ist ical ly. This is designed to reinforce 
learning in the students, hopefully to enable a deeper fo rm o f learning to occur. A s assessment is 
also continuous, w i t h emphasis on project-based, interactive, small group learning, there is less 
opportuni ty for strategic learning, aimed at 'p lay ing the system' to take place. However, there has 
to be a commitment from both the inst i tut ion and the staf f members concerned to make it a l l 
happen! 
Studio teaching was f irst introduced at Rensselaer Polytechnic Institute (RPI ) , in the U S A , in the 
early 90ร. RPI is a research-oriented university w i t h a strong reputation for qual i ty undergraduate 
education and innovative teaching. Most o f RPl 's f irst year courses have now been converted to 
studio teaching format, not on ly in science and engineering, but also across the whole universi ty 
curr iculum (Wi lson and Jennings, 2000). The changeover started ini t ial ly in the Physics Department 
as described by Wi lson (1994), and then in other science and engineering discipl ines as detailed 
by lannozzi et al (1997), Maby et al (1997), Jennings (1998) and Carlson and Makedon (1996). 
Other universities quick ly picked up on the approach and introduced studio teaching into the 
curr icu lum, Ci ty Universi ty o f Hong Kong (C i t yU) being especially vigorous in its adopt ion, 
where i t was labelled ITS - Integrated Teaching Studio. 
The reasons and methodology behind C i t yU 'ร decision to take this approach, and its subsequent 
implementat ion, are given by Yu and Stokes ( 1998a), Leung et al (1996) and Bradbeer ( 1 9 9 8 ) ՜ 
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One o f the main changes in tertiary education in Hong Kong in the 1990ร, as earlier in most o f the 
western wor ld , was the rapid g rowth in the number o f students undergoing university education. 
Inevi tably this has resulted in a more diverse and larger student intake, and the tradi t ional ly 
accepted entrance ski l ls base changes. For engineering and science this poses major problems. A t 
the same t ime language ski l ls, especially where a subject is taught in a language other than mother-
tongue, as in Hong Kong , have been shown by Flowerdew and M i l l e r (1995) to be generally low 
by wor ld standards. 
"To gain entrance into the universi ty (C i t yU) , they must have at least a grade E in 
their Use o f English paper. The students' entry levels ranged f rom E to c. A n E 
correlates to around 450 on the T O E F L test, whereas a с correlates to around 530 
(Hogan & Chan, 1993). As a point o f comparison, most us universit ies have an 
entry level o f about 550." (p349) 
Pennington et ฝ (1992) already noted that in 1 9 9 2 C i t yU รณdents' language abilit ies were restricted. 
"... the present research w i th Ci ty Polytechnic students uncovered... the occurrence 
o f Engl ish was found to he h igh ly restricted, used pr imar i ly w i t h Westems and 
w i t h Chinese in the academic context. A mixture o f Cantonese w i t h Engl ish lexis 
was found to be relat ively common at C i ty Polytechnic, used both w i t h other 
students and w i t h Cantonese-speaking teachers. Wi th both o f these groups, (pure) 
Cantonese was also used, part icularly when speaking about non-academic topics." 
(p69) 
Studio teaching has been welcomed by many faculty as one answer to these problems. The 
phi losophy behind the studio teaching format and its ingredients may be summarised as fo l lows. 
Learning is more effect ive (a) by do ing (mini- labs, exercises), (b) by interactive and cooperative 
techniques (discussion and group act iv i t ies), (c) i f more o f the senses are engaged (interactive 
mul t imedia courseware), and (d) by immediate application and fo l l ow-up (in-class assignments). 
Essentially the methodology replaces the tradit ional large-group lecture, smal l -group tutor ia l and 
separate laboratory format w i t h an integrated studio approach, that is c la imed to be both 
economical ly competi t ive and educationally superior. The focus is on student problem-solv ing 
rather than presentation o f materials. 
A typical ITS session wou ld be two hours long and consist o f up to 30 minutes o f presentation, 
possibly a short mini- lecture or interactive demonstration, fo l lowed by a question and answer 
session. Aga in , this may be either pencil-and-paper type or interactive using the workstat ion 
available to each individual or pair o f students. This may also develop into a small-group discussion, 
especially when workstations are grouped around each other, as at C i t y U in Hong Kong. 
Yu and Stokes (1998b) describe the situation where this small group interaction leads students to 
teach students, drawing on the work o f Mazur, at Harvard Universi ty (Mazur , 1996, р із). The 
"students teaching students" approach, was proposed by Mazur and modi f ied and adopted for the 
Mul t imedia Integrated Teaching Studio (Yu and Stokes 1999b, p282). Under this approach, students 
are expected to learn through discussions w i th in a group o f students. This is dif ferent f rom the 
"teacher teaching students" approach in tradit ional classes, in which students are expected to 
19 
learn through listening to the teacher. "Problem-based learning" and " interact ive learn ing" are 
also incorporated in the studio teaching classes. 
M a n y studio sessions a l low the students to work w i th some physical equipment or parts and this 
w i l l a l low them to carry out short experiments that are based on the previously presented material. 
A t C i t y U , the introductory electronics and physics classes are able to carry out experiments where 
the instrumentation is represented on the workstat ion screen, although real parts and components 
are used on the bench as noted by Bradbeer (1999a) and Bradbeer (1999b). A t RPI most o f the 
studios have f ixed bays o f standard laboratory equipment that can be accessed by the students by 
Ш т і п £ their chairs through 180° as described by M i l l a rd et al (1997). 
O w i n g to the f lex ib i l i ty inherent in the studio environment i t is possible for the teacher to mod i f y 
the structure o f the session to take into account feedback f rom the students. For example, they 
may request more t ime for discussion or investigation o f one part icular aspect o f the material 
being presented. This, o f course, means that those teachers more accustomed to a more structured 
approach may have problems, and this w i l l be addressed below. 
Mos t ITSs have project ion screens that can show presentation graphics, animations and web 
pages, as the instructors' desk, as we l l as all the student workstat ions, are not on ly connected to a 
local area network ( L A N ) but also the Internet. There w i l l also be a visualiser that can be projected 
onto the large screen(ร). This inherent interactiveness, associated w i t h access to the Web, and 
even video on demand ( V O D ) , a l lows the ITS to be very f lex ib le. A t C i t y U , for example, a 
management or biology class may fo l lo พ an electronics class. 
O f course, normal lecture material, especially that based on overhead projector slides and/or 
'chalk and ta l k ' , does not fit into an ITS environment. Consequently much thought, effort and 
money must be put into the preparation o f material. Ow ing to the ubiquitous nature o f mul t imedia 
there is much material available commercia l ly that can be easily modi f ied for ITS use, although 
some investment w i l l s t i l l be necessary. A t C i t y U a special authoring unit was established to aid 
preparation o f such courseware - Klassen and Mor ton (1999). 
There is also an ini t ia l investment in constructing the studio itself. Many universit ies have either 
private or publ ic funds available for improv ing their teaching infrastructure and these have usually 
been used. However, some studies, especially those by Massy and Zemsky (1995)， Wi lson (1994) 
and lanozzi (1997) have shown that the eff iciencies in staff use and student performance more 
than compensate for this ini t ia l financial investment. 
The studio teaching paradigm has shown i tse l f to be robust. It is now ten years since the 
methodology was first introduced, and not only is i t established in those insti tut ions where it was 
in i t ia l ly introduced, but is gradually " w o r k i n g its way through the system". A number o f examples 
f rom these other institutions now using studio teaching w i l l be referred to in later chapters. 
However, a number o f problems have been ident i f ied; many teaching staf f do not l ike to take 
studio classes and a smal l minor i ty o f students do not l ike work ing in a studio environiฑent. 
Others have crit icised the reliance on technology as detracting f rom the teaching and learning 
process. 
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1.9 A cautionary tale 
However, a potential problem associates w i t h studio teaching is the possibi l i ty that the technology 
may 'h i jack ' the whole idea. A t this point i t may be instructive to look at the example o f the 
introduction o f some o f Papert's ideas as put into practice in Bri t ish pr imary and secondary schools., 
and the way that the learning pedagogy was eventually lost in the obsession w i th the technology 
used. Noss and Hoyleร (1996) have wr i t ten an insightful account o f this, especially as it comes 
f rom two educationalists who have been involved w i t h assessing the impact o f Papert's ideas, 
especially the use o f L O G O and turtles, for over 20 years^. 
They introduce the subject by look ing at one o f t h e first attempts at computer-assisted teaching, 
PLATO. As they note: 
".....a few decades ago, i t was generally accepted that a combinat ion o f good 
ideas, money and energy from external agencies could quickly and easily transfonฑ 
schools and cur r icu lum. One example was the introduct ion o f the computer-
assisted teaching system, PLATO, into some communi ty colleges i n the บ.ร.A.^ 
In a fascinating case study, House (1974) traces the gradual disintegrat ion o f this 
innovation under the combined influences o f a muk imde o f factors: lack o f clari ty 
o f the change process, naivety in th ink ing about the translation o f objectives into 
practice, internal pol i t ics and conf l ic t between groups, technical problems, lack 
o f resources and l imi ted teacher preparation. This was one o f many spectacular 
failures at that t ime - al l well-resourced and arising f rom sound educational 
ideas, (p 156) 
They go on to say that "convent ional w isdom asserts that the computer has not achieved the 
radical effects that its proponents believed i t wou ld some ten or twenty years ago". As Becker 
(1982) has put i t : 
There were 'dreams' about computer using students. ..dreams o f vo ice-commu­
nicating, intelligent human tutors, dreams o f realistic scientific simulations, dreams 
o f young adolescent problem solvers adept at general-purpose programming lan­
guages " but alongside these dreams was the truth that computers played a m in i " 
7 Celia Hoyleร and I worked at Polytechnic ofNorth London ๒ the late 70ร before she moved to the Institute 
of Education, London. We were both active in the British Logo Society at that time, and she continues to be 
so, as well as EuroLOGO. 
This section, focusing on the experience of introducing LOGO into British schools is given as an extended 
case study into how an enabling technology - ubiquitous low cost computing - was considered an educational 
objective เท its own right, and the software that actually had the potential to give rise to a new teaching 
paradigm - LOGO - was basically ignored, then distributed widely เท schools in a form that meant that 
change was not necessary. Unfortunately, that attitude is still current today, where the introduction of an 
enabling technology, such as Blackboard, is seen to be a useful tool for administering the tasks of teaching, 
but is generally ignored when it comes to implementing changes in teaching methodology. The studio teach­
ing concept basically takes the enabling technology or ubiquitous web access, and does attempt to change the 
teacning methodology - hence the cautionary tale expanded on here. 
s I had a chance to look at PLATO in action on a visit to Control Data Corps. HQ in Minneapolis in 1982. ft 
seemed a dinosaur of a system even then! 
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mal role in real schools. .，， ( ib id . p l 5 9 ) 
Noss and Hoyleร ( ib id. ) note that in the late seventies, the programming language B A S I C was 
popu lar . 
"There were claims for the importance for learning mathematics through wr i t ing 
algorithms to make procedures and structures clear and expl ic i t . B y the m i d -
eighties, the rhetoric had changed w i th the introduct ion o f the not ion o f 'math­
ematical p rogramming ' -a compromise formula to a l low discussion o f Logo, a 
new and apparently more radical alternative to B A S I C , w i thout actually having 
to name the language! Eventual ly Logo came into its o w n , qu ick ly fo l lowed by 
spreadsheets, then databases. Now , in the nineties, dynamic geometry software 
and computer algebra systems are fashionable. Yet Logo survives տ two forms: 
as an elementary drawing program in pr imary schools, and as a medium for math­
ematical explorat ion in some secondary schools." ( ib id . , p l 6 1 ) 
To understand how this has come about, they begin w i t h a l i t t le history. When Logo arr ived on the 
educational scene at the beginning o f the nineteen-eighties, there was a surge o f interest wh ich , 
although more measured than that in the U.S.A., gave rise to substantial conferences organised to 
provide a forum for researchers and teachers to meet and discuss the impl icat ions o f this new 
software for curr iculum and pol icy. There was enthusiastic cur r icu lum development together w i t h 
a burgeoning o f research projects. 
"Exci tement spread throughout the communi ty, although it must be said this was 
matched by cynic ism and opposit ion f rom two sources; f rom those who sti l l ad­
vocated B A S I C , and those who wanted schools to remain immune f r om compu­
ter use altogether. Provision o f computers in schools was entrusted to the M ic ro ­
electronics Education Programme (МЕР) , a government agency; in common w i th 
many countries at the t ime, the U.K. government saw their role as equipping 
schools w i t h machines first, and only, secondarily to aid in the process o f decid­
ing what to do w i th them. On the hardware front schools were exhorted to 'buy 
Br i t i sh ' ， and substantial subsidies were handed out to, in particular, the ' B B C 
computer.^ A s a result, there was l i t t le incentive for the company w h o manufac­
tured it to develop a viable Logo - after a l l , i t had invested heavi ly in its own 
' improved ' variety o f B A S I C . " ( ib id . , р 161 ) 
As Noss and Hoyleร continue: 
9 I was a member of the committee established by the BBC and the Department of Industry to come up with 
the design specifications of the BBC computer. We had many discussions on the appropriate roles of both 
Logo and BASIC i n the classroom. The Sinclair machine was rejected partly because it already had a very 
well established Logo package for the Spectrum. One reason given was that this would 'confuse' teachers! 
When I co-authored the book of the tv series, BASIC was the only language we could refer to, and Logo was 
not even mentioned! 
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This mi ld ly interesting accident o f market ing and economics had some surpris­
ing outcomes. It created a serious gap between the sudden flash o f interest in 
Logo's potential, and the abi l i ty o f chi ldren in schools to actually use it. Into this 
gap stepped a number o f ' turt le dr ivers ' : simple programs (usually wr i t ten in 
B A S I C ) designed to draw graphics using a screen turt le: the most successful o f 
these was DART. A l l o f these programs a l lowed the ch i ld to dr ive a turtle using 
F O R W A R D and R I G H T , but none had recursion, l ist processing, proper control 
structures, ar i thmetic operations or serious screen editors. Yet some (not, thank­
fu l ly , D A R T ) , happi ly packaged themselves w i th the t i t le ' L o g o ' " , ( ib id . , р 162) 
เท one fo rm or another, ' L o g ๙ was rapidly taken up in the U.K. A s early as 1984 the М Е Р 
commissioned a report on classroom experiences by an experienced pr imary specialist and com­
puter 'non-expert ' (Anderson, 1986). Anderson's report showed that 'programmable toys, such as 
M i l ton Bradley's ' B i g T rak ' , were not distinguished from Logo-tur t les; turt le graphics programs 
such as D A R T were not dist inguished f rom Logo ; and Logo i tse l f was v iewed as d i f f i cu l t , expen­
sive, and (possibly) not necessary for doing ' L o g o ' (Doy le , 1993, p24). 
" I t wou ld be simpl ist ic to argue that i t was merely an accident o f software avai l ­
abi l i ty that led to the Logo programming language being reduced to turt le graph­
ics - w i th l i t t le emphasis on any aspect o f mathematics or even geometry ， let 
alone on programming as a means o f mathematical expression. It is more a ques­
t ion o f teasing out the factors by wh ich an innovat ion l ike Logo changes so that it 
becomes deemed as acceptable to teachers and to the system. Wh ich aspects take 
ho ld and wh ich wi ther away? 
In this case two contradictory processes were at work . On the one hand, the ch i ld -
centred approach wh ich had come to characterise Engl ish pr imary schools reso­
nated w i t h cut down ' L o g o ' : teachers, parents and head teachers could v iew 
'Tur t l i ng ' as happi ly fitting into the wide variety o f ' c h i l d centred' activities which 
could be found in many pr imary classrooms. On the other hand, the very success 
o f Log๙s assimilat ion led to its being v iewed as 'an act iv i ty ' in its own right - not 
a way o f expressing mathematical ideas, but a way o f operational ising exist ing 
priori t ies by an 'added o n ' school topic rather than one integrated into the educa­
t ional setting. (Noss and Hoyles, 1996, p i 62) 
There is thus a possibi l i ty that studio teaching, as an implementat ion o f interactive learning, may 
also fal l into the same trap. However, the way that it has been implemented in practice, seems to 
point otherwise. 
1.10 Does studio teaching real ly work? 
The main thrust o f this thesis is to determine whether studio teaching delivers what it proľnises to._ 
Does it make the learning experience not only more enjoyable for the students, but also stimulates 
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them to better achievements than tradit ional methodologies? What do students th ink o f the studio 
based approach? Do they in fact learn more? Can they apply what they 've learned to other courses 
that fol low? What type o f learning takes place? These, and other questions w i l l be addressed in 
later chapters. 
The first task, therefore, is to split a class o f students into two groups, and then determine whether 
they are s imi lar - in entrance qual i f icat ions, previous knowledge o f the subject taught, and inter­
est in the course. Next , can a set o f instruments be devised to measure any différences between 
the groups at the end o f a course, w i thout prejudic ing the assessment procedures set down by the 
university? Final ly, what conclusions can be drawn f rom the results? A n d , once these conclusions 
have been drawn, what changes need to be made to the course so that i t can be made more effec­
t ive? 
The next chapter addresses the spl i t t ing o f the groups, and assesses whether they are similar. This 
is then fo l lowed by a chapter that looks at the assessments used in two , consecutive and related, 
courses. The first is analysed in great detai l ; the second on ly superf icial ly. Then, a more qual i ta­
t ive approach is taken, where student responses are considered, both on the t w o courses under 
study at C i t y U , and also one at RPI . The results f rom the quantitative and qualitative analyses are 
then compared to results f rom other studies at other universit ies where studio based teaching has 
been introduced. A number o f recent developments on learning styles and strategies are then 
considered to see i f they may point to better course design, and i f they g ive some insight into w h y 
studio teaching works. Final ly, some conclusions are drawn. 
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Chapter 2 
Analysis of entrance qualifications and experience of the students 
2.1 Introduct ion 
The main object ive o f the research presented in this thesis is to compare two groups o f students who 
have been taught the same material, and who go through the same assessment procedures, but who 
are taught using two di f ferent paradigms. The f irst, contro l , group is taught using tradi t ional 
methods, inc lud ing 2 hour lecture, 3 hour lab and 1 hour ณtor ia i . The second, experimental, group 
is taught using the studio teaching method. The courses รณdied by both groups o f รณdents were the 
two semester-long courses in introductory electronic engineering for first year students in the 
Department o fManu fac tu r i ng and Engineering and Engineering Management ( M E E M ) at C i t y U , 
Hong Kong. These courses were taken by all students tak ing the Bachelor o f Engineering degree 
programmes i n Manufactur ing Engineering and Mechatronic Engineermg, between 1996 and 2001 . 
The รณdents in each programme were accepted into the two programmes w i t h s imi lar entrance 
requirements. Those accepted included students who came straight f rom school or col lege w i t h a 
mixture o f Hong K o n g Examinat ion Author i ty ( H K E A ) A level or AS level awards, as w e l l as 
students f r om the Vocat ional Tra in ing College/Institutes ( V T C ) w i t h various technical awards, 
such as Higher D ip loma. The m ix o f students f r om these di f ferent backgrounds varied w i t h each 
cohort, ranging f rom around only 6 0 % o f รณdents entering w i th A or AS levels in the f irst cohort, 
to 100% in the last t w o cohorts. 
The two groups w i l l be referred to as the N o n - I T S , or non-Teaching Studio, group - the control 
group, and ITS , or Teaching Studio, group - the experimental group, respectively. 
2.2 Entrance qual i f icat ioกร 
Before any comparison o f grades and added knowledge/understanding can be calculated for the t w o 
groups, we must be able to quanti fy any differences, i f any, between the entrance quali f icat ions. The 
first comparison is the entry quali f icat ions o f the students. As noted above, ๒ the first two cohorts 
there were signif icant numbers ofnon֊A level entrants - main ly f rom Vocational Tra in ing Colleges/ 
Institutes. To be consistent these were el iminated f rom this analysis, as were any repeat students. A s 
w i l l be seen later, this e l iminat ion made no signif icant di f ference to the performance o f the cohorts 
when it came to any assessments made. Detai led analysis o f the entrance requirements - A level or 
AS level, for example - is shown in Appendix 2. This is restricted to t-tests only. These results are 
discussed in Section 2.5 below. However, detailed statistical analysis w i l l be carried out on the 
output measures - i.e. the results o f the assessments, in the next chapter. 
For Cohort 1 the grades were reported by the students in answer to a questionnaire administered by 
the instructor, and this d id not ask for the specif ic subject, and all grades could therefore not be 
cont inทed against object ive data. For Cohort 2 onwards the grades were supplied by the universi ty 
registry, and were letter (coarse) grades only. As w i th A level grades in the UK , the Hong Kong 
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Examina t ion Au tho r i t y ( H K E A ) gives grades f r o m A t o E fo r the H o n g K o n g A Leve l Examina t ion 
( H K A L E ) . F r o m Cohor t 3 onwards the univers i ty registry suppl ied bo th "coarse" grades as w e l l as 
" f i n e " grades, w h i c h range from 1 to 10,1 be ing the highest. Thus coarse grade A can be ei ther fine 
grade 1 or 2. The fine grade system a l lowed f iner d iscr iminat ion between students fo r this exercise 
as the vast ma jo r i t y - > 9 5 % - scored either D or E on the coarse grade scale. 
Coarse grades were converted into f i ne grades using the average equivalent i.e. grade A was g iven 
a fine grade o f 1.5, and so o n . Th is assumpt ion was va l i d as an analysis o f the fine grade d is t r ibu t ion 
fo r each coarse grade showed that they were rough ly equal fo r a l l cohorts. 
A s the f ine grade system is an ๒ve r ted scale, the grades were subtracted from 1 1 , so that f ine grade 
10 had a value o f 1， and fine grade 5 had a va lue o f 6， f o r example. Th is made the scale roughly 
equivalent to the normal score fo r A level letter grading, i.e. A = 10, в = 8 etc. but w i t h h igher 
d iscr iminat ion . A S levels were scored at ha l f t he value o f A leve l , again i n accordance w i t h no rma l 
pract ice. ' 
Table 2.1 shows the percentage o f students in each category fo r each cohort . N o t e again, that the 
data fo r the first cohort was sel f - reported, and its accuracy cannot be determined. 
Cohort 
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This is represented graphical ly in F igure 2.1 be low. 
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Figure 2.1 Percentage o f A level students in each cohor t 
The f i rs t analysis o f the A level scores was to compare the average score fo r each cohort fo r each 
' To simplify things, where a score containing both A level and А / ร level results is used, it is just referred 
to as the A level score. I f there is reason to differentiate, then the separate scores w i l l be given. 
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group. Th is was done in t w o ways. First , the total score f o r a l l examinat ions was calculated, then 
the score fo r on ly the technical subjects. 
F igure 2.2 be low shows the tota l score average fo r each cohor t fo r the two groups. The top two 
curves are fo r al l subjects, i nc lud ing Use o f Eng l ish ( U o E ) and Chinese Language and Cul ture 
( C L C ) A S level , ; the lower t w o fo r technical subjects on ly . 
The t rendl ine for each curve was calculated, and also the correlat ion between the t w o . A n analysis 
o f the results indicated that there was no s igni f icant d i f ference between the t w o groups fo r bo th the 
total and technical subjects on ly -see Table 2.2. Detai led analysis o f the results are g iven in Append ix 
2. Here w e w i l l consider correlat ion coef f ic ient on ly . The h i gh correlat ion between the t w o groups 
may also be an ind icat ion that the pattern o f the var ia t ion in scores is s imi lar , as can be seen f r om 
Figure 2.3. The so l id ł ine indicates exact match ing o f qual i f icat ions. 
Correlat ion coef f ic ient 
Total sco re 0.95 
Techn ica l sub jec ts score 0.98 
Table 2.2 Corre la t ion coef f ic ients fo r al l cohorts 
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Figure 2.3 shows a scattergram o f the scores fo r both groups for al l subjects. 
A compar ison was then made between the A level scores o f the t w o groups compared to those o f A 
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level examinat ion entrants in general [ H K E A , 1997， 1998, 1999, 2 0 0 0 , 2 0 0 1 , 2002] . Th is was to 
determine the relat ive qual i ty o f students enter ing the t w o courses, and thei r rough pos i t ion ๒ the 
overal l performance o f H o n g K o n g A level results. Table 2.3 shows the average number o f A and A S 
level examinat ions taken by al l entrants fo r each o f the years considered. These are based on exam 
pass numbers for those passing both Chinese Language and Cul ture ( C L C ) and Use o f E n g l i s h ( U o E ) 
A S level but do not inc lude those passes. Deta i led data, taken from the H K E A annual reports are 
g iven in Append ix 3. 
These are total numbers o f exam entrants, n o t j ստէ school entrants, as some o f the รณdents on the t w o 
courses also come from a non-school background but w i t h A levels not vocat ional qual i f icat ions. The 
number o f subjects taken is indicated for the t w o courses be ing considered is shown as a compar ison 
fo r each year. These results can be plot ted as a scattergram, as shown in Figure 2.4. 
Year 
HKALE a>erage Studied courses average 
A [e\e] AS level A level A S level 
1996 1.97 0.39 
Non-ITS 2.27 0.96 
ITS 2.12 1.69 
1997 1.97 0.39 
Non-ITS 2.32 0.19 
ITS 2.22 0.16 
1998 1.97 0.39 
Non-ITS 2.62 0.24 
ITS 2.47 0.19 
1999 1.95 0.65 
Non-ITS 2.46 0.31 
ITS 2.34 0.26 
2000 1.95 0.40 
Non-ITS 2.23 0.47 
ITS 2.28 0.52 
2001 1.97 0.41 
Non-ITS 2.19 0.42 
ITS 2.35 0.35 
Table 2.3 Average number o f exam pass numbers fo r those passing both Chinese Language and 
C iv i l i sa t ion ( C L C ) and Use o f E n g l i s h ( U o E ) A S level 
Scat te rgram of number of AS level and A lâvel exam^^ 
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Figure 2.4 Scattergram o f number o f A S level and A level examinat ions passed, exc lud ing C L C 
and U o E 
These results can be plot ted as a scattergram, as shown in Figure 2.4. I t is clear from Table 2.3, 
F igure 2.4 and Figure 2.5， that entrants to both courses under considerat ion passed more 
examinat ions than the average, a l though the average grade was much lower than average. A t the 
same t ime there was no s igni f icant d i f ference in the number o f examinat ions passed by both groups. 
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Figure 2.5 Average score o f students compared to H K A L E average 
Aga in , the average score fo r each group was calculated across a l l cohorts. The correlat ion is shown 
in Table 2.4 be low. 
No A 
le \« ls 
passed 





Correlat ion coeff ic ient 0.63 0.98 0.91 
Table 2.4 Corre lat ion coef f ic ient between t w o groups for var ious factors 
2-2· 1 Technical subjęcts 
A further analysis o f the entrance grades for each technical subject is g iven in Figure 2.6a and 2.6b. 
Th is is fo r Pure Maths, Chemist ry and Physics A level on ly , as these were the subjects taken by the 
major i ty o f students. A l s o shown are the average grades for each subject fo r al l students tak ing 
H K A L E examinat ions in these subjects. Append ix 4 shows the grade d is t r ibut ion fo r each year, 
against the H K A L E average fo r each subject analysed. 
Non-)TS A - l e v e l s u b j e c t s c o r e s 
. 
— • — P u r e Maths 
— P h y e i c « 
—*—Chemie t ry 
- HKAE average Chemistry 
- Ш- HKAE average Physíc» 
· · • · HKAE average Pure Maths 
• • - • Average trendHne 
99-00 
C o h o r t 
Figure 2.6a Technical A level subject scores fo r IMon-ITS group 
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Figure 2.6b Technica l A ievel subject scores fo r ITS group 
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Figure 2.7a Percentage o f students tak ing ma in technical subjects fo r N o n - I T S group 
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Figure 2.7b Percentage o f students tak ing ma in technical subjects fo r ITS group 
Figures 2.7a and 2.7b show the percentage o f students in each group tak ing the three ma in technical 
subjects. F rom these it can be seen that there maybe a tendency fo r the ITS group to have a greater 
propor t ion o f students that took Maths at A leve l , compared to the non- ITS group, a l though the 
va ry ing data over the who le per iod makes any detai led comparisons d i f f i cu l t . 
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2 2 2 Խnguage subjects 
A n analysis o f the language capabi l i t ies o f the t w o groups รณdied is shown in Figs 2.8 a and 2.8b. 
These show that average A S level score fo r the t w o ma in compulsory language subjects, Use o f 
Engl ish and Chinese Commun ica t i on and Си ІШге. The average score fo r al l H K A L E entrants w h o 
passed these subjects is also shown, as is a composi te score made by summing the t w o ind iv idua l 
scores. The fu l l details o f the actual d is t r ibut ion is g iven in Append ix 4 . 
Non- ITS l a n g u a g e s c o r e s 
• HKALE average CLC 
- HKALE average լ 
- H K A L E s u m 
96-97 97-98 98-99 99-00 
C o h o r t 
00-01 
Figure 2.8a. Average scores in U o E , C L C and the sum o f both fo r n o n - l T ร group 
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Figure 2.8b Average scores in UoE , C L C and the sum o f bo th for I TS group 
2.3 Survey questionnaire 
A t the beg inn ing o f Semester A , fo r each cohort , a questionnaire was g iven to both groups by the 
instructor. Th is inc luded questions about the ownersh ip and awareness o f I T and computers, as we l l 
as a 50 quest ion section asking technical questions. This questionnaire is shown in Append ix 1 ， and 
the results i n Append ix 5. These w i l l be looked at in greater details later in the chapter. However , 
some results w i l l be referred to be low, to relate attitudes towards learning in Eng l ish and these w i l l 
be related to the U o E results. 
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2.4 Language preferences 
A s part o f the questionnaire/test g iven to each students on the f i rst week o f the courses. Append i x 1, 
a number o f questions related to language preferences. The results from these questions are g iven in 
Append ix 5. One o f the questions, Quest ion 20， asked in w h i c h language the students preferred 
lectures to be g iven. The percentage o f students preferr ing Engl ish on ly , Chinese on ly , or a m ix tu re 
o f the two , are shown i n Figures 2.9a and 2.9b. 
an approximate ind icat ion o f the overa l l preference fo r the language o f inst ruct ion, these three 
questions were combined and the students' responses are shown in Figures 2.10a and 2.10b. 
100 
Non-ITS language preferences · lectures 
- • - C h i n e s e only 
- • - E n g l i s h only 
*• Mixture 
96-97 97-98 -99 99-00 00-01 01-02 
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Figure 2.9a Percentage o f students preferr ing various language opt ions fo r lectures in the N o n -
I T S group 
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Figure 2.1 Oa Overa l l language preferences, percentage o f students in N o n - I T S group 
100 
ITS Language preference 
E n g t i s h o n l y 
Chinese only 
Englrsfi and 
Figure 2.10b Overa l l language preferences, percentage o f students in ITS group 
2.5 IT sk i l ls and competence 
Questions 3 - 6 on the pre-test questionnaire related to the knowledge o f var ious common ly used 
programs, inc lud ing w o r d processor, spreadsheet, database and web browser. Students were asked 
Figure 2.11 Aggregate answers from Questions 3-6, ind icat ing I T sk i l ls , percentage o f students 
33 
1 0 0 
IT c o m p e t e n c e : p e r c e n t a g e o f s t u d e n t s 
4 0 
20 
97-98 99-00 C o h o r t 01-02 
Figure 2.12 Aggregate answers fo r Questions 1-2 and 7-9, ind icat ing I T competences, percent­
age o f students. 
i f they were fami l ia r w i t h these programs. The i r responses to these 4 questions have been aggregated 
as shown in F igure 2 . 1 1 . Th i s shows the percentage o f students w h o say they are fami l ia r w i t h the 
four programs, and was used as an indicator o f I T sk i l ls . 
Questions 1-2, and 7-9， assess the students' att itudes to using computers տ their learning. Quest ion 
10 asks how many hours a week they use the computer. A usage o f greater than 10 hours a week was 
counted as ind icat ing that the student was fami l ia r w i t h the computer. The answers from these five 
questions were aggregated to indicate a measure o f I T competence. Th is is shown in Figure 2.12. 
2.6 Equ ivฝence 
The object ive o f the analysis above is to assess the equivalence o f the t w o groups at entrance to the 
courses under study. F rom Figure 2.2， it can be seen that the A level scores have been rising each year 
(Except fo r the first cohort , where the object ives o f the data is in doubt , anyway) . This w o u l d seem 
to indicate that the courses studied have been attract ing better students. However , the scores f r o m the 
technical section o f the pre-test, shown in Figure 2.13 show that the average ab i l i t y o f each class has 
been dec l in ing over the same per iod. Th is w o u l d seem to indicate some f o r m o f grade in f la t ion in the 
entrance qual i f icat ions. Th is w i l l be discussed in greater detai l in the next chapter. 
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Figure 2.13 Pre-test scores - technical sect ion 
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A t the same t ime it can be seen f rom Table 2.2 that there was close correlat ion between the A levei 
scores o f both groups. This is shown diagrammatical ly in Figure 2.3. This close correlation is also 
signif icant clustering o f points on the scattergram o f number o f AS levels against A levels passed. 
(Reference to Appendix 2 at this point, w i l l show that the actual relationships between this data is 
quite complex, and further wo rk w i l l need to be carried out to determine exact relationships). 
However, as can be seen f rom Figures 2.6a and 2.6b and the detailed figures in Appendix 3, it is clear 
that students in the earlier cohorts were in the bottom quarti le o f students passing the three main 
technical subjects at A level, but that recent cohorts are now in the th i rd quart i le. I t is also clear f rom 
these figures that there is again close correlation between the scores o f both groups, as shown in 
Table 2.5 below. This gives correlat ion coefficients o f 0.95 for Physics, 0.8 for Chemistry and 0.75 
for Maths. 
One area where there is di f ference between the two groups studied is in the percentage o f the class 
taking various A level technical subjects. This varies over the period รณdied, as can be seen f rom 
Figures 2.6a and 2.6b. As mentioned above, it wou ld be complicated to analyse the correlation 
between the two groups because o f this variat ion, but by inspection it can be seen that the ITS group 
has a higher percentage o f students w i t h Physics, w i t h a sl ight advantage in Chemistry and Maths. 
The data for the non-technical subjects can also be used to determine the correlat ion between the 
groups. This is also shown in Table 2.5 below; the correlation coeff ic ient is 0.55 for UoE and 0.69 
for C L C . 
The graphs for language preference are also d i f f icu l t to analyse. For the language preference in 
ІесШгеร, there are correlation coeff icients o f 0.43 for English and 0.47 for mix o f English and 
Chinese. The responses to Chinese on ly are too few to correlate. Simi lar figures for the overal l 
language preference are 0.63 for Engl ish only , and 0.3 for a mixture. 
A l e v e l г 
Phys ics 0.95 
Maths 0.75 
Chemist ry 0.8 
UoE 0.55 
CLC 0.69 
IT s k i l l s 0.93 
IT c o m p e t e n c e s 0.9 
L a n g u a g e P r e f e r e n c e s 
L e c t u r e 
Engl ish 0.43 
Mixed Engl ish and Chinese 0.47 
Overall 
Engl ish 0.63 
Mixed Engl ish and Chinese 0.3 
Р re- tes t 1 0.88 
Tab le 2.5. C o r r e l a t i o n be tween groups for va r ious analyses 
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The data from the two graphs showing I T sk i l ls . F igure 2 . 1 1 , and competence. Figure 2.12, have 
correlat ion coef f ic ients o f 0.93 and 0.90 respect ively. 
One point o f interest to note is that there is a 'peak ' ш the *sum' score fo r the 1998-99 ITS cohort 
shown in Figure 2.8b. Th is corresponds to the h igher preference fo r Eng l ish shown in F igure 2.1 Ob. 
However , the s l ight increase i n the corresponding score fo r the 2001 -2 ITS cohort does not translate 
in to a higher preference fo r Engl ish - i n fact exact ly the opposite! 
The correlat ion coef f ic ient fo r the pre-test scores shown in Figure 2.13 is 0.88. F ina l ly , a t"test was 
carr ied out on the three sets o f A level scores combined , as shown in Append ix 2. Th is showed that 
the p-value o f the analysis o f al l the scores was 0.78; that fo r the technical subjects on ly was 0.77, 
and that for language subjects on ly was 0.04. 
F rom the above we can conclude that both groups studied are equivalent at in take, except fo r the 
language abi l i t ies, as shown by the A S level results. Therefore the sp l i t t ing o f the students in to a 
cont ro l group and experimental group based on self-chosen cr i ter ia i.e. the degree course to be taken, 
is va l i d fo r comparat ive purposes. 
2-7 Further analysis o f the pre-tęst dątą 
Assuming that i t is possible to consider the t w o groups homogeneous, a more detai led analysis o f t h e 
students' responses to the questions i n the pretest leads to a better understanding o f students' 
experience w i t h , and attitudes to, computers and I T i n general. Th is w i l l be especial ly useful when 
is based around that technology. 
I 80 
1 
I 7 0 
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Percen tage of s t u d e n t s u s i n g a c o m p u t e r be fo re e n t e r i n g 
97-98 98-99 99-00 00-01 01-02 
Cohort 
Figure 2.14 Percentage o f students hav ing used computers before enter ing univers i ty 
The first quest ion asked whether the student had used a computer before. The results are show in 
Figure 2.14. 
A s can be seen, and expected, the number o f students hav ing used a computer has now reached 
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100%. What is 8 и ф г і 8 І п § is that j us t 5 у ears ago 6 % o f students had not used a computer before 
enter ing an engineering programme. 
Quest ion 2 asked whether the student fe l t comfor tab le us ing a computer. A l t hough the response to 
this quest ion was predicated on the іп Іефге Їа І іоп o f ' comfor tab le ' , i t was never the less one o f a 
number o f questions, w h i c h when combined together, gave a good ind icat ion o f the student's a t t i ­
tude. The results are shown in F igure 2.15. 
P e r c e n t a g e o f s t u d e n t s f e e l i n g ' c o m f o r t a b l e ' u s i n g a c o m p u t e r 
ว 1-02 
Figure 2.15 Percentage o f students fee l ing ' comfor tab le ' us ing a computer 
I t can be seen that the response has peaked, at 8 5 % for the non- ITS group, but dropped fo r the last 
cohort , whereas the ITS group has cont inued to rise. A g a i n , this is տ ս փ ո տ ! ո £ consider ing that these 
are engineer ing students w h o w i l l be spending considerable t ime us ing computers, not on ly in their 
courses, but also in their eventual j obs . 
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Figure 2.16 Percentage o f students be ing fami l ia r w i t h the in temet /www 
The next questions considered the รณdents' technical ski l ls at us ing, or at least be ing fami l ia r w i t h , 
the most common computer appl icat ions. Quest ion 3 concerned the use o f the In temet /www. The 
responses are shown in Figure 2.16. The combined t rendl ine shows that over the past 5 years 
fami l ia r i t y w i t h the web has risen substantial ly, a l though the 01-02 cohort shows a d r o p - o f f that is 
not expected. 
3 フ 
Al though their ownership, use o f computers, and computer ski l ls had risen steadily, their wi l l ingness 
to use computers as part o f the i r course looks as though i t is decreasing. However , the t w o courses 
studied were consistent in their responses, wh i ch ๒dicated that this feelmg was prevalent independent 
o f the programme. One explanat ion cou ld be that at the beg inn ing o f the survey per iod ownersh ip 
o f computers was low, al though not s igni f icant ly so, whereas web access, fo r example, has increased 
s igni f icant ly . The decrease i n wi l l ingness to use the computer /web/ in temet fo r s tudy ing seems to 
have dropped by about the same amount as the increase in ownersMp, indicat ing that at the beginning 
o f üie survey those using computers were more w i l l i n g to use them. A s ownersh ip has increased as 
we l l as access to the web , the change i n use has also affected the students att i tudes. I t n o w seems 
that the computer has become more o f a social too l than one fo r study. 
Figure 2.17 shows the aggregated results o f al l the questions concern ing wha t m igh t be cal led ' I T 
s t i l l s ' . These questions asked about knowledge or experience o f using w o r d processors, spreadsheets 
and databases, and also includes the results o f the question above concern ing the Internet/www. A 
sl ight bias has been introduced to weight the results towards the more fami l ia r appl icat ions, such as 
w o r d processing, and against more ипсопш іоп ones, l ike databases. The results are shown i n F igure 
2.17. 100% w o u l d approximate to a good fami l ia r i ty w i t h a i l the c o m m o n appl icat ions. 
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Figure 2.17 I T ski l ls 
Aga in , a saturation point seems to have been reached, w i t h students averaging around 6 0 % sk i l l 
level on ent iy compared to those w h o w o u l d be considered adequately sk i l led . 
Figure 2.18 shows those responding posi t ive ly to a question that asked i f they use a computer to do 
their homework . Suφท ่ s i ng l y , the trend has been fa l l i ng , w i t h around 2 0 % using computers for 
homework in 01-02. However , as w i l l be seen below, over 9 5 % o f students owned a computer by 
that t ime. 
The next set o f questions focused on the students' reactions to computer use. Figure 2.19 shows the 
percentage o f those w h o fe l t that using computers help them learn, and Figure 2.20, the percentage 
o f those w h o enjoyed using computers. 
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The answers to these t w o questions seem to indicate that wh i ls t most students considered computers 
a useful learning too l fewer students d idn ' t real ly l i ke us ing them for do ing so, and th is seems 
con f i rmed by the responses to the quest ion on homework . F igure 2.18, where a smal l mmor i t y , 
around 2 0 % , actual ly used them for such a purpose. 
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Figure 2.18 Percentage o f students w h o use a computer to do their homework 
Percentage of students who felt that computers helped them 
learn 
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Figure 2.19 Percentage o f students w h o fe l t that computers helped them learn 
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Figure 2.20 Percentage o f students w h o enjoyed using computers 
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Figure 2.21 Percentage o f students us ing a computer fo r more than 10 hours/week 
However, i t is interesting to see the responses to a question concerning the number o f hours that they 
use computers each week. A s can be seen from f igure 2.21 ， that has been increasing over the y ears 
o f the study. A l t hough the or ig ina l study requested detai led in fo rmat ion about the number o f hours. 
Figure 2.21 shows those w h o use the computer fo r more than 10 hours a week, a median po in t 
der ived from the or ig inal survey. 
A related survey, discussed in Chapter 4， showed that most o f the t ime spent on the computer was 
used for game p lay ing, sur f ing the web and chat rooms. Educat ional ly related usage was a distant 
4 th in the l ist. 
The responses to the questions re lat ing to computer usage and the students' feel ings were aggre­
gated into a single response. Th is is shown in Figure 2.22. 100% w o u l d be a rough measure o f 
someone fee l ing happy, competent and at ease when using a computer. The percentage is the class 
average o f this very rough and ready measure. I t can be seen that the feel ings towm*ds using comput­
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Figure 2.22 Feelings towards us ing computers. 100% w o u l d indicate a fee l ing o f competence 
and comfor t . Class average 
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The next three questions were related to the ownersh ip o f computers and the technical detai ls. 
Figure 2.23 shows the percentage o f students o w i n g a computer, F igure 2.24 the percentage o f these 
hav ing a C D R O M capabi l i ty, and Figure 2.25 the percentage hav ing a modem. These questions 
were considered important as much o f the course mater ial was placed on the web over the per iod o f 
the survey and it was possible to access the universi ty ne twork f r om home v ia the web. A t the same 
t ime, some o f the coursework was also made avai lable in C D R O M format. 
As was to be expected the responses fo l lowed very closely the development o f technological progress. 
I t can n o w be safely assumed that on ly a small m inor i t y o f students do not o w n a computer, and this 
is probably because o f f inancia l problems. D u r i n g the past t w o years the univers i ty has a l lowed 
students to bor row laptop computers wh i ch have wireless L A N capabi l i ty for use on campus, and 
circumstant ial evidence shows that those not o w n m g a computer themselves now have access to one 
fo r most o f their study t ime. 
100 
Percentage of s tudents own ing a compute r 
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Figure 2.23 Percentage o f students o w n i n g a computer 
Percentage of compute rs owned wi th a C D R O M capabi l i ty 
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Figure 2.24 Percentage o f computers owned w i t h a C D R O M capabi l i ty 
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Figure 2.25 Percentage o f computers owned w i t h a modem capabi l i ty 
T w o final questions related to the students' thoughts about how the courses should be presented. As 
the courses became more w e b based mid interact ive, i t became possible to a l l ow them to study i n a 
sel f - learning mode, and not attend classes. In fact, the responses to a quest ion asking i f they w o u l d 
consider us ing th is mode o f learning, shown in F igure 2.26, indicate a t rend away f r o m do ing so. 
Precentage of s t uden t s who wou ld cons ide r us ing se i r4eamjng m o d e of ins t ruc t ion 
Non-rrs 
K T S 
Figure 2.26 Percentage o f students w h o w o u l d consider using sel f - learning mode o f instruct ion 
A rda ted quest ion asked if , o w n i n g a modem, they w o u l d consider do ing some study w o r k at home 
Percentage of students owning a modem who would be prepared to do some 
study related work at home 
Figure 2.27 Percentage o f students o w n i n g a modem prepared to do some on l ine study related 
w o r k at home 
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önüne. The responses are given ๒ Figure 2.27. This percentage has remained remarkably steady 
over the period o f the study even though modem ownership has increased f rom 2 5 % to near 100% 
over that t ime. 
2.8 Discussion o f questionnaire answers 
Many courses established over the past five years or so have made basic assumptions concerning 
the level o f computer l iteracy o f the students, and this is especially true o f engineering courses. 
There has also been a very substantial move away f rom the more traditional pedagogies o f engineer­
ing education to those wh ich are more student-centred and interactive. 
Admit tedly, the two bachelor's degree programmes รณdied at Ci ty Universi ty o f H o n g Kong do not 
reflect the situation on a wider basis - they just reflect the unique conditions o f the Hong K o n g 
educational system that is currently in transition from a pedagogy formal ly based on rote learning to 
one more oriented towards more investigative pedagogies. The students studied in the survey re­
ported here were products o f a system in transition and their attitudes towards learning showed this, 
in their classroom behaviour as wel l as their general knowledge o f the subjects they elected to รณdy. 
The next chapter shows that the aptitudes o f the students had dropped over the period o f t he study 
even though their entrance grades had improved. This dichotomy also seems to have been seen in the 
results o f the study reported here. 
For example, although their ownership, use o f computers, and computer ski l ls had risen steadily, 
their wil l ingness to use computers as part o f their course has decreased. However, the two courses 
studied were consistent in their responses which indicated that this feeling was prevalent independ­
ent o f the programme. 
One explanation could be that at the beginning o f the survey period ownership o f computers was 
low, although not signif icant ly so, whereas web access, for example, has increased signif icantly. 
The decrease in wi l l ingness to use the computer/ web/internet for studying seems to have dropped 
by about the same amount as the increase in ownership, indicat ing that at the beginning o f the 
survey those using computers were more w i l l i ng to use them. As ownership has increased as we l l as 
access to the web, the change in use has also affected the students attitudes. It now seems that the 
computer has become more o f a social tool than one for study. It is therefore not possible to correlate 
the increase in computer ownership w i th an increase in the desire to use computers for learning. 
This belief, wh ich may be erroneous і f the results f rom the survey reported here are corroborated, 
has been a foundation o f the move towards more web based interactive learning pedagogies. Vast 
investments have been made in designing and evaluating these new pedagogies, many o f which have 
not taken into account the changing nature o f student attitudes towards computers. 
From the survey reported here a number o f clear trends can be discerned as far as Hong Kong is 
concerned. They may or may not have relevance to other countries. First, ownership o f computers 
by first year engineering รณdents is nearly 100%， and these computers are equipped w i th C D R O M 
and modem capabilit ies, 100% o f students are able to make use o f computer applications, although 
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these are heavily weighted towards web/ internet access and word processing but not spreadsheets 
and/or databases. There are a substantial minor i ty - about 2 0 % - o f students who do not feel com­
fortable using computers, although over ha l f those report ing used the computer for more than 10 
hours a week. 
Around 6 0 % o f students should be considered computer l iterate w i th respect to their knowledge o f 
basic applications. The major i ty o f students - around 8 0 % - th ink that using computers helps them 
learn, but around 7 0 % wou ld be prepared to use computer-based self-learning pedagogies. ๒ fact, 
the percentage o f students that use a computer to do their (school) homework is only around 3 0 % 
and dropping. 
Clearly, these attitudes towards computer-based or computer assisted learning are o f concern to 
those academics w h o are involved w i t h developing such courses, and this surely has impl icat ions 
for such areas as distance learning which are becoming more and more dependent on intemet-
based-leaming pedagogies. 
Having established the academic equivalence o f the two groups in this chapter, we w i l l now con­
sider, i n the next chapter, how they performed in the assessments, and whether there was any s ign i f i ­
cant difference ๒ performance and learning. 
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Chapter з 
A n a l y s i s o f t h e r e s u l t s 
3.1 Core competencies 
Before i t is possible to compare per formance in assessments over the per iod o f the study on an 
inter-cohort basis, the possible var ia t ion in core competencies in the academic subjects studied at 
A level needs to be considered. These can be measured by an analysis o f the second part o f the 
pre-test quest ionnaire, deal ing w i t h technical questions. I t may then be possible to determine i f 
there is any re lat ionship between the fa l l i ng score fo r the overa l l test mark, and i f one aspect o f 
the test is responsible. The second part o f t h e test i t se l f - see Append i x 1 - covers four basic areas. 
The m a i n one is electronics, wh i ch is i tse l f made up o f several areas, such as basic electr ical 
theory, devices and appl icat ions. For this mialysis a l l these have been grouped in to a single var iable. 
The other three areas are physics, comput ing and mathematics. The physics questions were ma in ly 
concerned w i t h basic physical phenomena such as electromagnetism, electrostatics and dimensions/ 
units. The compu t ing sect ion was basic b inary concepts, wh i l s t the maths was concerned w i t h 
t r igonometr ic concepts used in electronics. Figures 3.1 to 3.2 show the changes in percentage o f 
the class g i v i ng correct responses to each group ing . 
Non-ITS Sub iec t Scores เท Pre tes t 
- • - P h y e k s Maths 
* - Electronics Computing 
96-97 97-98 98-99 99-00 00-01 01-02 
Cohort 
Figure 3.1 Percentage correct responses to the pre-test by subject area o f the quest ion fo r 
N o n - I T S group 
As can be seen from Figures 3.1 and 3.2， other than for electronics w h i c h remained fa i r l y constant, 
all the other subject areas showed a decl ine in correct responses over the per iod o f the study. The 
5ифгІ8Іп§ decl ine is in the understanding o f basic compu t ing theory, w h i c h shows a s ign i f icant 
decrease in correct responses. The impl ica t ions o f th is are discussed below, as w e l l as in Bradbeer 
(2002a and 2002b) . 
เก F igure 3.3, bo th courses are considered together, and the results fo r the 1999-2000 cohor t have 
been taken out o f the t rendl ine, o w i n g to the d i f ferent nature o f the test ing condi t ions, and the 
resul t ing anomaly ( I n 1999-2000 the pre-test quest ionnaire was adminis tered in a d i f ferent way to 
the other years. The instructor a l l owed discussion amongst the students, so that the result reflects 
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Figure 3.2 Percentage correct responses to the pre-test by subject area o f the quest ion fo r ITS 
group 
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Figure 3.3 Pre-test subject scores fo r combined results o f N o n - I T S and ITS groups w i t h 
anomalous data f r o m 1999-2000 cohort removed. 
3.2 Impl ica t ionş fo r CQMrsę contęnt 
The chang ing extent o f the basic knowledge o f new entrants has meant that assumptions made in 
1996 cannot be appl ied in 2002. Th is has had impl icat ions in the syl labus content o f the courses 
themselves. The amount o f t ime needed to cover basic theory that should have been covered in 
the A level syl labus and was not - or may have been but was not understood by the students -
increased substantial ly over the per iod o f the study. So m u c h so, that the courses themselves have 
been drast ical ly rewr i t ten to cope w i t h th is . F rom 2002 , t w o complete ly new courses replaced 
those taught fo r the previous 6 years. These n o w emphasise the design aspects o f electronics and 
not concentrate so f u l l y on analysis. 
A l so , a more problem-based, student-centred learning approach is be ing taken, based upon the 
experiences o f us ing integrated studio teaching for the B E M T E course. 
A b r i e f l ook at the first semester syllabuses fo r 1996， 2001 and the new 2002 courses w i l l show 
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clearly the changes that have had to be made to accommodate the changing environment. 
1996: Revision ofbas ic electric and magnetic fields. Inductance, self- inductance, 
mutual inductance. Transformers; prmciples o f operation and applications. Revision 
o f c i rcu i t theorems and laws; S imp le dc transient analysis. Rev is ion o f ac 
fundamentals; Phasors and complex numbers. Three phase systems. Revis ion o f 
basic semiconductor devices; modes o f operation. Amp l i f i e r circuits. Feedback. 
Introduct ion to the operational ampl i f ier . Power ampli f iers. The transistor as a 
swi tch. 
2001 Basic Magnetic Fields: Revis ion o f basic magnetic laws. Inductance, self-
inductance, mutual inductance. Magnet ic circuits. Transformers; pr inciples o f 
operation and applications. Basic Electr ic Fields: Capacitance and capacitors, 
energy storage in capacitors. DC Circui t Analys is: Revision o f c i rcui t theorems 
and laws. Simple dc transient analysis. A C Ci rcu i t Ana lys is : Rev is ion o f ac 
fundamentals. Phasors and complex numbers; reactance, impedance, power and 
power factor. Semiconductor Devices: Revis ion o fbas ic semiconductor devices; 
pn junc t ion , characteristics o f j unc t ion diode, diode circuits, bipolar transistors, 
field effect transistors, modes o f operat ion. 
2002 Circui t analysis techniques, basic discrete semiconductor devices, integrated 
circui t fundamentals, the transistor as an ampl i f ier, the transistor as a swi tch. 
o f fundamentals, which were assumed to be generally known by the students in 1996， an assumption 
wh ich could not be made in 2001 . A subjective analysis o f tests, quizzes and coursework over the 
period o f the รณdy support these assumptions. 
The ' knock -on ' effects o f having to cover fundamentals in the first semester meant that less 
coverage could be given to the more design aspects o f electronics in the second semester and this 
i tself meant that courses taken in the second and th i rd year were also affected, in most cases 
adversely. This was especially true o f the virtual el iminat ion o f power electronics from the syllabus. 
There was also some cri t ic isms that basic electronics courses, wh ich were designed to support 
the manufactur ing and mechatronics engineering programmes should not become applied physics 
courses ！ 
Another reason for changing the course structure was the change in the B E M E programme to a 
BEng in Manufactur ing and Informat ion Systems Engineering ( B E M I S E ) . The basic electronics 
courses for this new programme wou ld become second year electives, not first year core courses. 
The B E M T E programme was also revised to become more design mechatronics based, al though 
st i l l keeping the basic electronics courses in the first year core. 
This led to a complete rethink o f what such a basic course in electronics should provide, both as 
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a student learning experience and as a basis for further study in later years. It was decided that 
most theoretical 'appl ied-physics' fundamentals should be ignored completely, and that a more 
systems approach should be taken in teaching the basic electronic circuits. In other words, any 
design processes should be based around the use o f ' b l ack -box ' modules, which wou ld correspond 
roughly to the most popular integrated circui t packages, such as logic gates, operational ampl i f iers 
etc. 
A t the same t ime, there wou ld be a more 'hands-on' experience w i t h simulat ion and experiment 
replacing basic theory. This wou ld seem to be shi f t ing the course more towards the technician 
engmeer pedagogy compared to the more traditional university approach. A lso, group based projects 
wou ld replace more indiv idual learning experiences. 
Bradbeer (2003) discusses the impl icat ions for the changing course content, and i t is clear f rom 
the data presented in that paper and also presented above, that there has been a gradual decl ine in 
the basic knowledge o f physical fundamentals, maths and comput ing over a six year per iod from 
1996, even though the grades achieved at A level have been r is ing. This may be a consequence o f 
the Hong K o n g government's pol icy o f rapidly increasing the number o f university places available 
for 18 year olds, from around 6 % o f school leavers to today's 18%, starting in the early 1990ร. 
and sustained inf lat ion in grades over that period o f t ime. A lso , even though universit ies and 
departments are quite happy to publicise the fact that qual i ty o f their student entrants is gett ing 
relat ively better, i n fact this hides the fact that, in absolute, terms they are not. 
The impl icat ions for syllabus and course design are even more profound, and means that a constant 
and cont inu ing shif t in course content and level is needed to give the students a meaningfu l 
learning experience that is suited to their level o f knowledge. Unfortunately, programme leaders 
and course lecturers who just take the raw entrant examinat ion grades as an indicat ion o f how to 
' p i t ch ' their courses are in danger o f gett ing it w rong , w i th disastrous consequences, wh ich can be 
seen in the lack o f commitment and energy that students have for their studies. This problem w i l l 
be addressed in greater detail in Chapter 5. 
The impl icat ions for the intra-cohort comparison is that it wou ld not be possible to compare 
cohort w i t h cohort over the period o f the study as the course content changed dur ing this per iod. 
However, there wou ld be few problems w i th an inter-cohort comparison as the changes were 
identical for each o f the two courses under study. 
3.3 The assessments used in the comparison. 
A l though the students studied two consecutive courses, only a detailed analysis was made o f t h e 
first one. The main objective o f the assessments used was to determine whether there was an 
educationally signif icant difference between the performance o f the two groups. Many students 
in Hong K o n g have been taught to study in a strategic manner, mainly for the purpose o f passing 
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examinations. This is one o f the main fa i l ings o f the government school education system in 
Hong K o n g . A t the same t ime, students are not prepared for a university environment, where a 
less exam oriented assessment is used, w i t h far more emphasis on project and lab based w o r k than 
usually found in local secondary schools. The assessment tools designed to detennine the learning 
outcomes also had to be acceptable to the university assessment scheme, wh ich l imi ted the amount 
o f innovat ion that could be used. Consequently, a series o f tests, projects and reports were designed 
wh ich closely mirrored accepted practice fo r the programmes, whi ls t t ry ing to probe more deeply 
into the learning taking place. 
One o f the objectives was to establish whether deep or surface learning was tak ing place. Deep 
and surface are two approaches to study, derived f rom or iginal empir ical research by Mar ton and 
Säljö (1976) and since elaborated by Ramsden (1992), Biggs (1987, 1993) and Entwist le (1981), 
among others. Accord ing to Ather ton (2005) , i t is important to c lar i fy what they are not: 
A l though learners may be classif ied as "deep" or "surface", they are not attributes 
o f individuals: one person may use both approaches at di f ferent t imes, al though 
she or he may have a preference for one or the other. 
They correlate fa ir ly closely w i t h mot ivat ion: "deep" w i th intr insic mot ivat ion 
and "sur face" w i th extrinsic, but they are not necessarily the same th ing. Either 
approach can be adopted by a person w i t h either mot ivat ion. 
There is a th i rd fo rm, known as the " A c h i e v i n g " or strategic approach, wh ich can be summarised, 
as Ather ton does ( ib id) , as "a very wel l-organised fo rm o f surface approach, and in wh ich the 
mot ivat ion is to get good marks. The exercise o f learning is construed as a game, so that acquisit ion 
o f technique improves performance. It works as we l l as the analogy: insofar as learning is not a 
game, i t breaks down" . 
Ramsden (1998) summarised the two approaches as fo l lows: Deep learning focuses on "wha t is 
s igni f ied", relates previous knowledge to new knowledge, relates knowledge from different courses, 
relates theoretical ideas to everyday experience, relates and distinguishes evidence and argument, 
organises and structures content into coherent whole and emphasises is internal, from w i th in the 
student. Surface learning, on the other hand, focuses on the "s igns" (or on the learning as a 
signif ier o f something else), focuses on unrelated parts o f the task, in format ion for assessment is 
s imply memorised, facts and concepts are associated unreflectively, principles are not distinguished 
f rom examples, task is treated as an external imposit ion, and the emphasis is external, f rom demands 
o f assessment. 
A l though both Entwist le (1981) and Biggs (1987) had developed methodologies for analysing 
whether deep or surface learning was tak ing place, it was not possible to introduce these into the 
courses as they were structured at the t ime o f the study. From 2005, al l first year students at C i t y U 
have to take part in a Learning and Study Strategies Inventory ( LASS I ) survey, based upon the 
work o f Weinstein, Schulte, and Palmer, Ph.D. at Universi ty o f Texas (Weinstein et a l , 2000). 
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This is beginning to give some o f the detailed i n f o m a t i o n needed to make such a comparison, but 
as they were not able to be used at the t ime o f the study, another approach was needed. Consequently, 
a s impl i f ied approach had to be taken, and this was based around a mix ture o f mul t ip le choice 
tests, group based projects ( for the ITS group), lab work for the non- ITร group, and descriptive 
examinat ion questions that probed more deeply. The analysis o f the results could then determine 
whether one group scored higher on the mul t ip le choice questions - possibly indicat ing more 
surface learning, as compared to the descriptive questions in the final examination, wh ich hopeful ly 
indicated the level o f deep learning. 
A mul t ip le choice test was given midway through the f irst semester. This mul t ip le choice test was 
based upon material taught in the f irst ha l f o f the semester, and consisted o f 30 questions, main ly 
to do w i t h the basics o f electricity, magnetism and simple electric c i rcui t theory. The test was the 
same for each cohort. The answers were not g iven to the students j u s t their marks. 
A t the end o f the first semester the students sat an examinat ion which consisted o f two parts. The 
first was a mul t ip le choice section o f 25 questions, based on work for the whole semester. This 
accounted for 25 -30% o f the f inal mark. The rest o f the exam was a more tradi t ional one, w i t h 
students have to answer three questions f rom four in a more descriptive manner. Aga in , the questions 
covered the who le o f the syllabus. 
Three sets o f mul t ip le choice questions were used, and rotated on a 3 year pattern, so that no test 
was used twice dur ing a three year per iod. To ensure that the standard o f the mul t ip le choice test 
was approx imate ly consistent each year, a number o f colleagues compared the papers, and 
adjustments were made accordingly. As ment ioned at the beginning o f the chapter, intra-cohort 
comparison was not an easy task to undertake, ow ing to the changes in the syllabus dur ing the 
per iod o f the research. However, as the same test was g iven to both courses, in ter-cohort 
comparisons could be rel iably made. N o analysis o f the answers was made to determine whether 
any o f the four subject areas tested in the pre-test, and reported above, varied fo rm cohort to 
cohort. 
The final grading for the semester was based upon a combinat ion o f coursework, wh ich included 
two assignments (not part o f this study), m i d semester test, and laboratory/group work , and 
e x a m i n a t i o n p e r f o r m a n c e . For the f i r s t t w o years o f the s tudy th is s p l i t was 60 :40 
examinat ionicoursework changing to 70:30 in the th i rd year. To determine whether there was any 
relationships between the results, the two examinat ion components, and the final marks including 
coursework, were kept separateły. 
A l though the second semester course was not studied in such detail , the students sat a m id term 
test, al l questions being descriptive w i t h some calculat ion, fo l lowed by a final exam that was o f a 
more tradit ional style. They also carried out a number o f assignments and laboratory based project 
work . A g a i n , final grading was based upon a combinat ion o f coursework and examinat ion 
performance, in the same ratio as Semester A . The results o f the mid-semester test in Semester в 
for 1996-97 and 1997-98 were not available for analysis, and have been left out o f the data. The 
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results f rom the assessments in the second semester course are not analysed in great detai l , but 
w i l l be given for completeness only. 
O w i n g to the nature o f the course structure, there are always a number o f repeat students in each 
class. These have been eliminated f rom the analysis. Simi lar ly some รณdents are g iven exemption 
f rom tak ing the Semester A course. These students have been el iminated f rom the analysis o f the 
Semester В results. 
The results are given as percentages o f m a x i m u m marks. Grades have not been shown, as the 
change in course structure affected the grading system but not the mark ing system. In Semester A , 
the final mark is shown in three sections - f irst, the total mark for both coursework and examination, 
then as the mark for the mul t ip le choice examinat ion, and then for the descript ive examinat ion. In 
Semester B， the f ina l mark is shown, first as a total for coursework and examinat ion, and then as 
examinat ion only. 
3，4 Implementat ion o f the Integrated Teaching Studio. 
One other factor that has to be taken into account when analysing the results is the fact that the 
construction and inauguration o f the ITS was fraught w i th problems, wh ich resulted in some 
variat ion o f teaching pattern compared w i t h that or ig inal ly planned. In the first year, 1996-97, the 
interface cards to provide the laboratory component o f the course were not work ing properly. It 
was therefore decided to use a normal laboratory for al l experimental based work . I n 1997-98, the 
interface cards provided proved impossible to use for the experimental wo rk in Semester B, so 
this was also held in a normal laboratory. There have been few problems w i th this aspect o f the 
implementat ion since then, and al l experimental wo rk for the ITS-based classes have been run as 
planned. 
From 1998-99, the mul t imedia courseware used in the ITS was also used as part o f the presentation 
graphics in the lecture theatre for the non-1 TS class. In 1999-2000 the classes were taught by 
colleagues as I was on sabbatical leave at Rennsalaer Polytechnic Institute in New York for Semester 
A . These colleagues d id not use studio teaching and taught both classes in tradit ional mode. A lso , 
each colleague only taught one o f the courses, so there were dif ferent styles for each course. The 
results f rom these classes in semester A have been included in this study as they provide an 
interesting comparison for the effectiveness o f the ITS based teaching, although on ly the pre-test 
and final examinat ion have any data that can be useful. In Semester в o f tha t year I only taught the 
ITS class, and not the non-ITS class. The results for both groups in Semester в 1998-99 have, 
therefore, been ignored ๒ this analysis. 
From the start o f the 2000-2001 academic year, the studio has been funct ioning we l l , and there 
have been few problems since then that might affect the overal l results. 
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3.5 Cohort analysis 
The results for each assessment in each cohort are shown in Appendix 6. Each year shows the 
results in three ways, always compar ing the inter-cohort analysis. Where available the results 
compare each o f the two groups in each cohort for the fo l l ow ing : 
Pretest 
Mid-semester test Semester A 
Final total mark for Semester A end-of-semester assessment (coursework and exam) 
Total examinat ion mark for Semester A end-of-semester exam 
Mu l t ip le choice section mark for Semester A end-of-semester exam 
Descript ive section for Semester A end-of-semester exam 
Mid-semester test for Semester в 
Final total mark for Semester в end-of-semester assessment (coursework and exam) 
Examinat ion mark for Semester в end-of-semester exam 
The first is a box and whisker p lot , w i th confidence intervals. The second is a table showing the 
data used to draw the box-plots and parametric statistics for each year. The th i rd is a table show­
ing the calculat ion o f effect size for each type o f assessment, or outcome measure. Each cohort 
w i l l be examined in turn, w i th a meta-analysis carried out on that cohort 's data to determine the 
overal l effect size. 
Effect size has been used in preference to the more common methods o f statistical signif icance 
for three main reasons. First, i t is the size o f the impact that is o f substantive importance, and yet 
statistical signif icant testing is dependent on sample size - the same effect acquires statistical 
signif icance wi th larger samples. Secondly, effect sizes can be compared f rom one study to another 
and under suitable circumstances can be combined using meta-analysis. Th i r d l y statistical 
signif icance testing employs arbitrary cut-of fs. Such issues became apparent dur ing the study. 
Ini t ia l ly, al l the data analysis was based on statistical signif icance assuming a nul l hypothesis.This 
gave some results that were hard to іп Їефге І . For example, some o f the intra-group comparisons 
showed a statistical significance w i th p<.05 but only j ust (p=.048) whi lst others were not signif icant 
(p>.05) but only just (p=.052).. Is there real ly any dif ference, educationally between the two? The 
use o f Ef fect Size overcomes this problem. 
Effect Size is usually defined as the (mean o f the experimental group - mean o f the control group)/ 
standard deviat ion o f the control group. However, a number o f assumptions are made ๒ this 
formula. First, the control group is assumed to be large. I f i t is not, and this is true in this study, a 
pooled estimate value o f standard deviat ion is used. Secondly, i f the populat ion o f each group is 
smal l , then there w i l l be a bias in the calculat ion. Thus Hedges correction is used (Hedges and 
O lk in , 1985). Simi lar ly, it is useful to know the С І o f the Effect Size calculated. For the analysis 
used in this study, an Effect Size calculator devised by Robert Сое (2000) was used. A more 
detailed explanation is given in Appendix 6. 
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In the fo l low ing sections only the standardised Effect Size (w i th Hedges transformation) w i l l be 
shown. The treatment group is the ITS group, and the control group is the non- ITS group. Refer­
ence should be made to the fu l l data in Appendix 6. 【Iไ the f o l l ow ing analyses, the overall effect 
size for Semester A and Semester в assessments does not include the pre-test results. As there 
were no signif icant differences between the pre-test scores for al l but the f inal year o f the study, 
this appears a rational decision. Append ix 6 also contains data analysis o f the confidence interval 
and р value for each cohort. 
3.5.1 1996-97 
pretest mid a fin ล mark fin a exam fin a mc fin a des с fin b mark fin b exam 
0.18 0.94 1.10 0.95 0.67 0.88 -0.11 0.35 
Table 3.1 Standardised Effect Sizes for 1996-97 cohort for each assessment. 
I t is clear f rom the data fo r the pre-test that there is no signif icant di f ference between the groups. 
However there is a signif icant dif ference between the two groups for the Semester A mid-test, as 
we l l as for al l measures o f the final Semester A assessment. However, there is l i t t le signif icant 
differences between the Semester в results. 
For Semester B, although the non-ITS group gained higher marks in the overal l assessment, the 
ITS group d id better in the examinat ion. The laboratory marks for the ITS group were lower than 
that for the non- ITS group, wh ich may have been a ref lect ion o f the rather chaotic nature o f the 
practical wo rk that year. 
3.5.2 1997-98 
pretest mid a fin a mark fin a exam fin a mc fin a desc fin b mark fin b exam 
-0.02 0.30 0.36 0.26 -0.09 0.38 0.04 0.06 
Table 3.2 Standardised Effect Sizes for 1997-98 cohort for each assessment. 
For this cohort the message is rather mixed. It is clear that there is no signif icant difference 
between the t w o groups for the pre-test. However, the effect size for the Semester A assessments 
is low, although indicat ing some effect in favour o f the non- ITS group. This is especially true o f 
the differences between the mul t ip le choice and descriptive components o f the f inal semester 
exam, where the ITS group scored relatively higher, w i th a negative ES for the mul t ip le choice 
part, indicating a higher average mark for the control group. Aga in , there is no signif icant différence 
between the two groups in Semester B. 
ւււ ¡998-99 
pretest mid a fin a mark fin a exam fin a mc fin a desc mid b fin b mark fin b exam 
0.16 0.70 0.88 0.89 0.16 0.94 -0.10 0.48 0.57 
Table 3.3 Standardised Effect Sizes for ใ 998-89 cohort for each assessment. 
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The result for this cohort is very s imi lar to that for that for 1996-97, 
LM 1999^2000 
pretest fin a mark fin a exam 
0.04 -0.61 -0.39 
Table 3.4 Standardised Effect Sizes for 1999-2000 cohort for each assessment. 
This cohort was an anomaly, but, as has been explained above, is kept for comparison. As can be 
seen f rom Table 3.4, there was no signif icant difference between the two groups in the pre-test, 
but in the f inal assessment in Semester A , the course wh ich has been previously classif ied as non-
ITS , i.e. the B E M E students, scored higher marks than the other, B E M T E , group. As they were 
both taught using tradit ional methods in the same class, it is a noted that the consolidated effect 
size for the semester was - 0.5， indicating a significant difference in favour o f what wou ld otherwise 
have been the control group. 
Ш 2000ΌΙ 
pretest mid a fin a mark fìn a exam fin a mc fin adesc mid b fin b mark fin b exam 
0.08 -0.10 0.24 0.37 0.29 0.35 0.29 0.32 0.17 
Table 3.5 Standardised Effect Sizes for 2000-01 cohort for each assessment. 
Aga in , i t can be seen that there was no signif icant difference between the two groups for the 
pretest, but in this cohort, the non- lTS group scored higher for the Semester A mid-test. This was 
probably an anomaly, as the expected pattern for the f inal Semester A assessment asserted itself, 
although w i th a smaller effect size. The difference between the two groups reduced in Semester 
B. 
SJA 2001-02 
pretest mid a fin a mark fin a exam fin a mc fin adesc mid b fin b mark fin b exam 
0.50 0.63 0.48 0.40 0.45 0.35 0.18 0.21 0.01 
Table 3.6 Standardised Effect Sizes for 2001-02 cohort for each assessment. 
This cohort was sl ight ly di f ferent to the others, in that there was a signif icant difTerence between 
the two groups for the pre-test. I t is interesting to note this result - as the data provided in Appendix 
2 indicates that there should be homogeneity between the groups except in language abil i t ies, 
where the non- ITS were signi f icant ly better than the ITS group! The ITS group continued to 
score higher than the non- ITS group for all assessments, but again, the narrowing o f the difference 
in Semester В is noticeable. 
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j . 5.7 Overall assessment effect size 
I f al l the cohorts except 1999-2000 are considered together, it is possible, using meta-analysis, to 
determine what the overal l effect size for each assessment w i l l be. This is shown in Table 3.7. 
pretest mid a fina mark fin a exam fina m/c fin a dese mid b fin b mark fin b exam 
0.16 0.49 0.61 0.58 0.25 0.58 0.12 0.19 0.23 
Table 3. 
1999-2000 cohort results not included 
Standardised Effect Size for each assessment for al l cohorts except 1999-2000 
Aga in , i t can be seen quite clearly that there was no signif icant dif ference between the two groups 
as far as the pre-test was concerned. However, for Semester A , there was a signif icant difference 
between the two groups for al l but the mul t ip le choice element o f the final examinat ion. The 
impl icat ions w i l l be discussed later. 
Simi lar ly , al though there was a dif ference between the two groups in Semester B， it was not so 
pronounced. 
3,5.8 Semester effect size 
A n alternative way o f look ing at the results is to perform a meta-analysis on al l the assessments, 
except the pre-test, for each semester for each cohort, except for 1999-2000, wh ich was for the 
final examinat ion in Semester A only. This is shown in Table 3.8. 
1996-7 1997-8 1998-99 1999-2000 2000-01 2001-02 
sem a 0.91 0.24 0.72 -0.50 0.23 0.46 
sem b 0.12 0.05 0.32 - 0.26 0.13 
Pre-test results not included 
Table 3.8 Standardised Effect Sizes for each cohort for each semester 
These results are f rom a meta-analysis o f al l the results for al l the assessments in each semester 
for each cohort. The overal l Ef fect Size for al l the assessments in each semester is shown in Tabie 
3.9 
all sem a 0.51 
all sem b 0.19 
1999-2000 cohort results not included 
Pre-test results not included 
Table 3.9 Overal l effect size for all cohorts for each semester 
3.5.9 Overall e ffect size 
Final ly, a meta-analysis is performed on all the assessments over all cohorts, excluding the pre­
test. This is shown in Table 3.10. L i t t le can be read into this, as the metr ic for Semester в was 
signi f icant ly different to that for Semester A， as mentioned above. However, notwithstanding 
this, there is some noticeable effect present. 
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1996-7 1997-8 1998-99 1999-2000 2000-01 2001-02 Al l 
all 0.68 0.19 0.57 0.24 0.34 0.40 
1999-2000 cohort results not included 
Pre-test results not included 
Table 3.10 Overal l Standardised Effect Size for both semesters for each cohort, and for the 
whole period o f the study. 
3.6 Discussion 
It was shown in Chapter 2 that there was close equivalence in the entrance qual i f icat ions o f both 
groups - the control non-ITS group, and the experimental ITS group - see Append ix 2 for the 
statistical analysis. The data for the pre-test has also been analysed and the average effect size 
across al l cohorts was found to be 0.156, indicat ing approximately a 10% non-overlap (See 
Introduct ion to Append ix 6) . Al ternat ively, a t-test analysis o f the pre-test data shows o f 0.88, 
see Table 3.11 below. A l l this strongly suggests that the two groups are equivalent on entry. 
Source of Variation F P-value Font 
Between Groups 0.022161 0.88462 4.964603 
Table 3.11 t-test analysis for pre-test marks, a l l cohorts 
I t is therefore instructive to consider the effect o f the difference in teaching methodologies on the 
final assessments o f the two groups. From Table 3.9 it can be seen that there is a signif icant effect 
in Semester A， w i t h a lower effect in Semester B. Table 3.10 shows that the effect size for both 
semesters is 0.40, indicatmg a lower effect overal l , but st i l l important. This effect size means that 
the mean o f the experimental group is at the 66th percentile o f the control group. There is l i t t le 
doubt that the teaching methodology had an effect on the assessment results. 
Further analysis o f the data shown above does raise some interesting questions, however. Why 
does the effect seem to 'wear o f f ' i n the second semester? There also seems to be no simple 
relationship between the dif ference เท pre-test results and the f inal result. For example, in 2 0 0 1 -
02， the ITS group had signi f icant ly higher marks for the pre-test, and the assessment at the end o f 
Semester A showed a s imi lar effect, but at the end o f Semester в the dif ference between the two 
groups was smal l ! These questions w i l l be addressed in the conclusions. 
It is interesting to note the s imi lar i ty between the results given here and those reported in two 
meta-analyses carried out on small group col laborative learning. The first, by Johnson, Johnson 
and Stanne (2000) considered 164 studies investigating eight cooperative learning methods. This 
covered schools as we l l as colleges. Consequently, we w i l l not look at this study in detai l , other 
than to comment that the authors state that the consistency o f the results and the diversity o f the 
cooperative learning methods provide strong val idat ion for its effectiveness. 
The other meta-analysis study was in 1998 by Springer, Stanne and Donovan (1998). This analysed 
383 reports in l i terature related to smal l group learning in post-secondary science, maths, 
engineering and technology ( S M E T ) courses f rom 1980 or later, 39 which met the inclusion 
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cr i ter ia for the meta-analysis. These were, first that the undergraduates were on science, 
mathematics, engineering, or technology courses or degree programmes at accredited post-
secondary institutions in Nor th Amer ica. Secondly, studies must have incorporated small-group 
work inside or outside o f the classroom. Th i rd ly , the study was conducted in an actual classroom 
or programmatic setting rather than under more control led laboratory condit ions. Fourthly, the 
research was published or reported in 1980 or later on the grounds that recent studies may be 
more relevant to the current global context in wh ich students learn, and f i f th ly , the research reports 
enough statistical in format ion to estimate effect sizes. 
O f the 39 studies analysed, 37 (94.9%) presented data on achievement, 9 (23.1%) on persistence 
or retention, and 11 (28.2%) on attitudes. Most o f the reports retrieved d id not qual i fy for inclusion 
because they were not based on research. 
Accord ing to Springer et al ( ib id ) : 
"The main effect o f smal l -group learning on achievement, persistence, and 
attitudes among undergraduates in S M E T was signif icant and posit ive. Based on 
49 independent samples, f rom 37 studies encompassing 116 separate f indings, 
students who learned in small groups demonstrated greater achievement {Effect 
Size, ¿/ = 0.51) than students who were exposed to instruction wi thout cooperative 
or col laborative grouping. Simi lar ly , based on 12 independent samples, f rom 11 
studies encompassing 40 findings, students in smal l groups expressed more 
favourable att i tudes {d = 0.55) than the i r counterparts in other courses or 
programmes. Final ly, based on 10 independent samples and f indings f rom 9 
studies, students who worked in small groups persisted through S M E T courses 
or programmes to a greater extent (d = 0.46) than students who d id not work 
cooperatively or col laborat ively" . 
Ignor ing the effects for gender, race and group size, wh ich were not included in the study in this 
thesis, two signif icant effects were reported. 
First, for the procedures used in small-group learning, Springer et al state: 
There was a higher average weighted effect for supplemental instruct ion (d = 
0.65) - typ ica l ly study sessions outside o f class - than for in-class instruction {d = 
0,44). The pattern o f differences was reversed for al t i tudinal outcomes: more 
favourable effects on attitudes were evident for in-class instruct ion (d =0.59) 
than for supplemental instruction {d = 0.24). The data suggested that greater t ime 
spent work ing เท groups had s igni f icant ly more favourable effects on students' 
attitudes, w i th effect sizes o f 0.77 for high group t ime, 0.26 for med ium, and 0.37 
for low. N o signif icant association between t ime spent in groups and achievement 
was evident". 
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The other effect was that on the outcome measure: 
"The effects o f smal l -group learning on achievement were signi f icant ly greater 
when measured w i t h exams or grades {d = 0.59) than w i t h the standardised 
instruments {d = 0.33). A l though small-group work among students had significant 
and posit ive effects on students' attitudes toward learning the material {d = 0.56) 
and their self-esteem {d = 0.61)， the effect on their mot ivat ion to achieve {d = 
0.18) was one o f on ly two nonsignif icant results o f smal l-group work that we 
report in this study". 
It wou ld be instructive to complete another meta-analysis o f the publ ished literature in this field 
w i th data published since 2000. M a n y papers have recently been published on รณdio teaching -
see next chapter - and further data is now available that was not included in these two analyses. 
However, the data presented above does seem to support the f indings o f the study in this thesis 
wh ich gave the overal l effect size o f 0.4 for both semesters or 0.51 for the first semester. These 
two effect sizes are w i th in the range o f those reported by Springer et al above. They found an 
effect size o f 0.51 for greater achievement for those learning in small groups in a col laborative or 
cooperative manner. They also found that those who worked in small groups persisted in their 
courses or programmes to a greater extent - an effect size o f 0.46, as reported above. This w o u l d 
seem to be conf i rmed from attendance data taken dur ing the durat ion o f the study reported in this 
thesis. For the non- ITS group attendance at lectures and tutorials started off* high (around 95%) at 
the beginning o f the semester, but dropped to around 5 0 % by the end. For the ITS group attendance 
has remained at around 9 5 % throughout the course, a figure wh ich continues to this day. 
A lso , from the data presented in this study in Section 3.5 above, it is clear that the highest consistent 
effect sizes were for the final examinat ion in Semester A , This wou ld seem to corroborate the 
findings o f Springer et al reported above, that The effects o f smal l -group learning on achievement 
were signif icantly greater when measured w i th exams or grades {d = 0.59). This compares w i t h an 
effect size o f 0.58 in the current study. 
Having established that, at least in the first semester, there is a difference in educational performance 
between the two groups based on their assessment results, it is now useful to consider the รณdents' 
reactions when presented w i t h the studio environment. As the two groups had no choice in this 
matter, as the groups were delineated by the degree programmes the students enrolled in , the 
reactions o f the studio-based group is important for our understanding o f the methodology. 
A t the same t ime, students at Rensselaer Polytechnic Institute chose to take the studio course, and 
also had previous experience o f studio based teaching. It is instructive to compare their reactions 
to those f rom C i t y U . 
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Chapter 4 
The student experience 
4.1 Introduct ion 
Dur ing the course o f col lect ing data for this research, t w o main opportunit ies arose for obta in ing 
and analysing student responses to รณdio teaching. The f irst was at C i t y U , where a selection o f 
students in the 2nd year o f the B E M T E programme were interviewed and asked their opinions o f 
their experiences. The second was at Rennselaer Polytechnic Institute (RPI) , where a questionnaire 
was given to al l students taking the Electronics and Instrumentat ion course as part o f the Mechan i ­
cal Engineering and Aeronautical Engineering programmes. 
to comment at the end o f the Teaching Feedback Questionnaire, wh ich is g iven as part o f student 
rat ing o f teachers and counts towards annual appraisal. Simi lar ly , one o f the fraternities at RPI 
also asked students to comment on their learning experience, and this data was also avai lable. 
C i t y U also uses a Teaching Evaluat ion and Improvement Package (TEIP) , wh ich is a questionnaire 
given to students in the middle o f a semester so that teaching staf f can obtain feedback early in the 
course. This is voluntary and not l inked to annual appraisal. There is space for comments at the end 
o f the fo rm. 
It was also fortunate that a colleague at C i t y U , f rom the Department o f Engl ish and Communica­
tions, was researching for his PhD on how รณdents learn in a second language. He was able to 
attend a number o f classes o f the B E M E course - the non- ITS control group in this thesis - and his 
comments are included here also. Final ly, colleagues f r om the Physics Department at C i t y U , w h o 
were partners in establishing the Integrated Teaching รณdio , as wel l as staff in the Electr ical , 
Comput ing and systems Engineering Department at R P I , have also conducted surveys o f students 
taking studio-based courses. These are quoted for comparison at the end o f the chapter. 
4，2 City Univers i ty 
4.2.1 Interviews with students 
A l l the B E M T E students who had taken the studio course in 2000-2001 were asked to volunteer for 
a series o f interviews in late 2000, when they had started their second year. The nine students 
interviewed were self-chosen and therefore do not represent a statistical cross-section o f the class, 
probably only those who had strong opmions to communicate! The interviewees were questioned in 
Cantonese by student helpers f rom the Department o f App l ied Social Sciences, as part o f their 
internship programme. The answers were translated by the student interns, and then transcribed. 
They were asked a series o f questions based upon the 18 question questionnaire given to the stu­
dents taking the course in Electronics and Instrumentation at Rennselaer Polytechnic Institute in 
1999-2000, as detailed in the latter part o f this chapter. The aim o f this series o f interviews was to 
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ascertain attitudes to studio teaching, in addit ion to those comments made on the TE IP and T F Q 
questionnaires mentioned above. The students who were interviewed, as wel l as those g iv ing com­
ments on the TFQ and TEIP forms were not ident i f ied, so it was not possible to carry out any 
further fo l low-up at a later date. 
The first question asked whether they owned a computer. This al lowed some comparison to the first 
question asked in the Pre-test given in Semester A o f the first year course. A l l students interv iewed 
owned their own computer. The next question asked what proport ion o f the t ime they used their 
computer for schoolwork? The major i ty used their computers for about 5 0 % o f the t ime for school-
work . The next question concerned what other uses they made o f their t ime on the computer. Web 
surf ing, chatrooms, emai l and games were the main responses. 
The fourth question asked, on average, how many hours a week they spent outside the scheduled 
studio classes on work related to this course? The average was 3 hours/week, w i t h a l ow o f 1.5 
hours and a h igh o f 10 hours. 
The last nine questions were more qual i tat ive, and were a imed at gett ing the รณdents responses to 
particular aspects o f studio teaching. The quotations are direct ly as transcribed by the interviewers. 
As most o f the students have some d i f f i cu l ty w i t h grammatical Engl ish, the or ig inal grammar is 
retained for authenticity. Some students did not answer al l the questions - or gave simpl ist ic an­
swers that provided no content. These have been omit ted. 
First, they were asked i f they thought they learned more ef f ic ient ly f rom the studio teaching ap­
proach. 
Student CA: "No, I cannot learn more efficiently from the studio teaching ap­
proach aกd explains that it is a general phenomenon in the class. Since the 
students attend classes in computer room, students are easily (ՍտԾսշէ6(1 by com­
puter and do not listen to the lecture. It is because the students can play сотри-
ter game, check emails aทd see other websites conveniently. More, they do not 
worry the lecturer discover because it is very easy to cut the screen ". 
Student CB: *Wo. The interactive style of teaching mode is good but the facilities 
are poor to match the needs of teaching. " 
Student CC: 'Wo. / prefer reading information from paper to reading informa­
tion իօոไ computer because it is better to him to achieve more knowledge. Infor-
mation printed on paper is more clear and easy to read as well as memory, and is 
convenient to bring along every^vhere ". 
Student CD: "No. As many other students, he distracts to ploy computer game, 
surf other websites and read emails with classmates. He thinks it is not necessary 
to use computer in the classes because there is no animations shown in the classes, 
and the students can prim the lecture notes and bring back classes ''. 
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Student CE: " "No. I cannot find the difference because the style ofstudio teach­
ing is similar to the lecture and tutorial held in lecture theatre and classroom ". 
Student CF: "The answer is yes only when software is used during the studio. 
Only going through the notes but not using a PC to help us learning, it is not 
efficient too much". 
Student CG: "No, I have to browse the Web Page during the studio classes, it 
make me confusing since I am required to click here and then click there. I have 
to jump from one page to another page. It makes me confusing and wastes a lot 
of time. On the other handy there is too much information on the Web site. Some­
times, I do not know which part is important So I cannot learn more efficiently 
form the studio teaching approach. I would rather choose the traditional teach­
ing method and sit in the lecture room with lecture notes ". 
Student CH: "Sometimes, I can learn more efficiently from the studio teaching 
approach as there is enough information in the studio classes so that I can study 
at home throughout On the other hand, the material delivered is good, espe­
cially when the EDEC software is used. You can deliver a good class with the use 
of EDEC software. But sometimes, I cannot learn more efficiently from the stu­
dio ，，. 
Student СІ: "No, I cannot learn efficiently from the studio teaching classes as 
there is too much information in the Web sites. So I don Ì know which part is 
important. On the other hand, it is not a good way to follow up the classes by 
browsing the Web sites. It is not convenient to study by using PC. I prefer to use 
notes that enable me to study wherever I am ". 
Next , the students were asked i f they agreed w i t h the statement " I n the studio, I have a chance to 
know how other รณdents handle the same problems, and can sometimes learn dif ferent ways o f 
th ink ing, wh ich cannot be achieved through tradit ional system o f assignment submitt ing and mark­
ing" . 
Student CA: 'Ί disagree with this statement for two reasons. 
a) Every student is provided a computer and they do not ทeed to share 
opinions and discuss with others พ doing tutorial exercises. Every stu­
dent does his or her owท exercises without concerning others. 
b) Iห doing experiment, I find it is difficult to change partner to observe 
other students ， ways of solving problem and thinking. It is because I 
need to share work with the same partner such as writing data, іท order 
to do the experiment. Also, generally, an experiment cannot finish in о т 
lesson and the partners need to continue their experiment next lesson''. 
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Studení CB: "No. It is because students are divided into small group and the 
groups sat separately so he cannot know how other classmates do and think. Yet, 
the studio mode allows him to go to see other classmates ' work, share opinions 
with other classmates and ask the lecturer questions in break 
Student CC: "No. I think it is quite equally to achieve in both studio and tradi­
tional system. Ifind many classmates only look at his or her screen and did not 
observe others working. In the lessons, many students surf websites, send email 
and play computer game without listemng to the teaching. Actually, I used to 
concentrate on his own work without discussing and seeing others because he 
does not want to be absent-minded. " 
Student CD: "No. It is because there is not compulsory discussion and the stu­
dents are not active to share opinions and observe others 'working. More, the 
setting of the experiment cannot produce chances to allow interactive activities 
among the students ". 
Student CE: ^'Yes. lean achieve through sharing with the partner and discussing 
with other classmates in break. Most of the classmates could do the same, too ". 
Student CF: ՝'Yes, as the student can learn the different ways of thinking through 
discussing the materials, ''. 
Student CG: 'Wo, I cannot learn diffèreฑէ ways of thinking as I don 't have time to 
discuss during the studio class. If I have problem, I would like to rise up my hand 
at once ". 
Student CH: "No, I cannot learn different ways of thinking in the studio. After I 
finish the tutorial assignment in the studio, you only check the answer with me 
but don ，t give me enough time to discuss with other students ". 
Student СІ: "No, I don ไ have chance to learn different ways of thinking from 
other students. I don 't have chance to discuss with other students during the 
studio classes 
Question 7 asked i f the students agreed w i th the fo l l ow ing statement " I f a lot o f students have 
questions when solv ing a problem or they get things wrong in the same problem, studio teaching 
gives opportunit ies to the lecturer to repeat the corresponding facts, concepts or techniques r ight 
away". 
Student CA: '7 agree with this statement, but I think that lecturer can also have 
the same chances to repeat the corresponding facts, concepts or techniques right 
away in the setting of lecture theatre and traditional teaching approach if the 
students ask their problems in class at оทce ''. 
Student CB: ՝՝Yes. Since the lecturer and the students can search for relevant 
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information from computer directly and conveniently, the lecturer can answer 
the questions with the corresponding facts, concepts or techniques immediately. 
I think it can make learning smoothly ". 
Student CC: *'Yes. It is because the studio setting that has computer can help to 
provide relevant information quickly when the lecturer and the students need it. 
Also, the students can ask the lecturer questions at once when they meet problem. 
Usually, the students can get feedback about their problems from the lecture 
before the lesson end". 
Student CD: 'The lecturer has the same opportunities to repeat the correspond­
ing facts, concepts or techniques right away in the lecture theatre and studio if 
the problem is about theory and concepts because the lecturer uses only write 
broad and pen to explain. However, it is necessary to ask in the studio if the 
questions are relevant to the software ". 
Student CE: "Yes. It is because the class size of the studio teaching ไร only 40 
students which allows the students to ask questions directly and conveniently 
compared with the class held in lecture theatre which is over hundred students. 
At the same time, the students are handling the same problem so they can share 
the questions or similar questions with one another and ask the lecturer. Also, 
the lecturer can explain immediately". 
Student CF: "Yes, but the best use of the studio teaching is not done because you 
only go through the notes and spend little time to use software or PC, So most of 
the studio class is quite boring. It is better to let the student to involve the class 
by giving them work to do พ the class ". 
Student CG: "No, actually the studio teaching cannot give you opportunities to 
repeat the corresponding facts, concepts or techniques ". 
Student CH: "No, the studio teaching does not give the chance to repeat the 
concept as the teacher actually don 't know whether we understand the concept or 
not. Most of the time, we don 't understand the concept in the studio classes so 
that I have to spend a lot of time to study at home '，. 
Next they were asked to comment on the statement: " I t is easier for me to fo l low the materials 
delivered in a studio teaching approach". 
Student CA: 'Ίΐ is easier for me to follow the materials delivered in a studio 
teaching approach. There are several reasons. 
a) I can download and print the notes and needed materials to read and study 
before the class. 
h) I can find and get the notes and materials easily, quickly and immediately 
63 
even i f i forget to lake the materials to class. 
c) I can follow the teaching efficiently in class because A can find and follow 
the talking materials from web immediately. 
d) lean search for other useful information and materials from Interฑet at once 
in class ". 
Student CB: 'Wo. Since all other courses ' notes are put on the web and I also 
print them out to read, there is no difference to follow the materials delivered 
between the studio teaching approach and traditional teaching approach. How­
ever, I like the interactive software such as the one provided by CSC because it 
helps him easier to understand the materials and have deeper impression on the 
materials through entering and calculating the data 
Student CC: "No. It is difficult for me to follow because I can read information 
printed on paper more quickly and efficiently compared with reading informa­
tion on monitor". 
Student CD: "Yes. It is because I can find the materials from the web in the 
lesson easily. Yet, it is inconvenient to read the notes if one camot bring along a 
computer everywhere ，'. 
Student CE: ''Not completely agree. I can read the notes on the web easily and 
conveniently. However, lam short-sighted (over 700 degree) so it is easy to have 
headache when I see the monitor. Hence, I cannot be last longer to see the 
monitor and I dislike using the computer frequently. Though I can print out the 
notes, it wastes much of time ". 
Student CF: "Yes, as student involve in the class more during studio teaching 
method". 
Student CG: "No, as น is not convenient for me to click here and then there. It 
makes me confusing. As I am required me to click too much, a simple concept will 
become more complicated due to too much linkage ". 
Student CH: 'Wo, there is no difference between the n-aditional teaching method 
and the studio approach. Now I have to spend a lot of time to study at home as I 
don ՝t understand the concept in the studio classes ". 
To provide some l inkage w i th questions asked by colleagues using the studio for a Physics course 
(detailed later in the chapter), the รณdents were asked i f the present studio teaching classes have 
successfully focused on 'student-centred learning' rather than on 'teacher-centred teaching' . 
Student CA : ՝Ί disagree with this statement. I think that the present studio teach­
ing classes focus on "teacher-centred teaching " rather than on "studefit-centred 
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learning" because there are too many lectures. The lecturer usually teaches all 
of the materials instead of letting students read the materials themselves and ask 
questions when they find problems in understanding the noies ". 
Studeกէ CB: "No. It is because the most of the time are lectures and there is less 
chance the students ' thinking are stimulated. I think that more time should be 
given to do experience and manual had to be clear in instruction ". 
Student CC: "No. There is no emphasis on student'Centred learning. In my 
opinion, student-centred learning should be that the teacher teaches the students 
according to the students Equality and desires in learning in order to շօոԾօ1 aud 
speed the students 'improvement. In addition, more group discussions are needed 
to share opinions. Yet, I think there is no need to discuss because the course is 
not difficult and all solutions and conclusions could be found іท boob. More, I 
think group discussion is good for the studies of social sciences, but is not suit­
able to the teaching of engineering". 
Student CD: '*No. The classes are focused on teacher-centred teaching because 
the classes emphasise on lectures and the lecturer does not concern whether the 
students understand the materials taught when the course cannot catch up the 
schedule". 
Student CE: "No. Some topics have focused on student-centred learning but 
some have not. Yet, I think the abstract concepts such as transistor should be 
explained by the lecturer and the basic concepts learnt in Form 7 can use stu-
deหí'Centred learning 
Studení CF: 'The answer depends оห the whether software and PC is used. The 
student will learn more when you go through the notes and let students to use PC 
at the same time". 
Student CG: "The present studio-teaching mode cannot focus on 'student-cen­
tred learning'as too little care is paid to student learning progress. The teacher 
still goes through the materials when I don ，t understand the concept The teacher 
should observe the student's learning progress so that they can repeat the mate­
rial once the students are not clear about the concept ". 
Student CH: "No, the present studio teaching approach is on teacher-censed 
learning as the teacher doesn 't pay attention to the student 'ร learning progress ，'. 
Student СІ: "Some of the information given by the teacher is unrelated to the 
Exam. And they give too much information, I am very confusing. Most of the 
students are actually interested in the calculation rather than the concept. On the 
other hand, the teacher cannot explain the concept clearly and the concept is 
different to understand". 
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The tenth question asked that i f the same materials are taught by the same lecturer, does the student 
th ink they w i l l learn more dur ing studio teaching classes than in tradi t ional teaching classes. 
Student CA: "Though studio teaching classes allow me to get the materials con­
veniently and easily due to the causes of more teaching media such as Internet 
and video to get the information, I think that there is no difference in the amount 
of gaining the knowledge between the two types of teaching classes. It is because 
both teach in the form of ІесШге. 
More, I likes to do experiment by hand in laboratory because it is more interest' 
ing. In addition, I am more alert and think clearly in carrying out the steps of 
experiment in laboratory owing to the comideratioฑ of the realistic danger On 
the contrary, the attitude is more light-hearted in doing the stimulate experiment 
of computer in studio teaching classes because there is no realistic danger. Also, 
I find I could not do anything when I do not understand how to use the relevant 
computer programme of the experiment''. 
Student CB: "Yes. It is because lean be immediately find out the relevant mate­
rials and linking to get more information through Internet in the studio ". 
Student CC: 'Wo. I think traditional teaching classes lets me learn more be­
cause I dislike doing experiment with software. The ideal conditions set by soft­
ware have no error and I only follow the guided procedure so I has no chance to 
practice with realistic tools and carry out analysis when error occurs as doing 
experiment in laboratory". 
Student CD: 'Wo. It is because other students whom do not listen to the lecture, 
but do other computer activities disiaci me. In the lecture theatre, the students 
have no computer so they can be more concentrated on listening to the teach­
ing". 
Student CE: "Yes. It is because lean have more chances to share different opin֊ 
ions and discuss with other classmates. Also, I can ask the lecturer questions and 
get solutions conveniently'\ 
Student CF: "Yes, but the lecturer does not use the appropriate teaching method 
- only going through í he notes but rarely apply the էհ60դ into the practical case. 
For example, they could use Discman, MD, TV, รгюһ electronic device to apply 
the theory so that it makes classes more interesting and practical". 
Student CG: "No, as I can learn more in the traditional teaching classes. The 
traditional оทe allows me to follow the notes easily, compared with the studio 
teaching classes ". 
Student CH: '*Yes, I can learn more efficient in the studio teaching as the use of 
PC can help me to learn. The Web sites contain enough information and is well 
organised so I can easily get what mforniatioท I want 
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Student CI: '7 would learn more from the traditional teaching method that con­
sists of the lecture and tutorial classes. The tutorial classes allow me to ask 
questions and discuss with the lecturer ". 
Next , they were asked that i f the same materials are taught by the same lecturer both in studio 
teaching mode and tradit ional teaching mode, wou ld they prefer attending classes in the studio 
teaching mode. 
Student CA: "No, There is no difference between the two modes because the 
studio teaching mode also emphasis on lecture and it is boring to listen in lec­
ture. Moreover, I like doing experiment with realistic tools in laboratory rather 
than doing stimulate experiment with computer programme in studio ". 
Student CB: ''Yes, I like the learning climate of the studio teaching mode which 
is free for students to share opinions and discuss with one another in break. 
More, it is more benefit to learning because I can find much useful information 
on web in the lesson at once ". 
Student CC: "No. As stated before, I like doing experiment in laboratory that 
can allow me learn more 
Student CD: "No. As stated before, discipline is an important factor to him 
because I cannot concentrate to listen to the lecture in the studio. I thinks that 
there are fewer disturbances to me in lecture theatre because the students whom 
do not want to listen to the class would not attend. However, they are willing to 
attend studio classes because they can play computer. 
Moreover, I likes doing experiment with realistic tools arid practice by hand in 
traditional teaching classes. I think some skills such as soldering, should start 
to practice early". 
In my opinion, lectures should carry out in lecture theatre and the topic such as 
transistor and relevant to software operation can carry out in studio 
Student CE: "Yes. I can ask the lecturer questions in lesson so I will not waste the 
time of the lecturer and himself after school 
Student CF: "ƒ prefer studio teaching mode as I can use the PC '，. 
Student CG: "No, as there is too much information in the studio and waste a lot 
of time to browse the Web page ''. 
Question twelve asked i f their attendance in the studio teaching classes is higher than in other 
classes. 
Student CA: "My attendoทce ifi studio teaching classes is higher. Yet, the studio 
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teaching classes were not special attractive and were boring as other classes. I 
continue to attend the classes because the studio had computer which allowed 
me to surf other websites when other classes had not the facilities ". 
Student CB: 'Wo. I attends all classes. However, the learning climate of the 
studio teaching mode which is free for students to share opinions and discuss 
with one another, can аШасЇ me to attend the classes ". 
Student CC: "No. In fact, my attendances is 100% in all classes because I fear 
missing any information and find it is important to listen to the explanation of 
the lecturer and then I can understand the knowledge easily to read the relevant 
books after the lesson ". 
Student CD: ''Yes. It is because attendance is compulsory to be 75% and other 
courses have no this nile. However, I like electronics so I must attend the studio 
teaching classes if the problem of discipline is solved". 
Student CE: ''No. I attended all classes because listening to lesson helps me to 
understand and remember main points of the course that make me able to answer 
half of the questions in test even I do not review the notes. 
However, I has more interest in attending the studio teaching classes because I 
can ask the lecturer questions directly, individually and immediately in the les­
son. Since the problems could be solved in the lesson immediately, leaห gain the 
knowledge and catch up the course schedule that make me find the course more 
interesting, too 
Final ly, they were asked whether they felt that they had been enthusiastic in the activit ies in the 
studio teaching classes. 
Student CA: "No, I wasห I dislike doing stimulate experiment because it is not 
realistic ". 
Student CB: '7 was not fully enthusiastic in the activities because I suspect 
whether the studio teaching mode is effective พ teaching and helping students to 
get the knowledge the lecturer gives to students. For example, I camwt catch up 
and find out the webs the lecturer had clicked to show useful information. Iท 
addition, I find there are not enough interactive activities, but too many lec­
tures ''. 
Student CC: "No. The activities are all computer related, but I do not like al­
ways face computer screen and I like reading information printed on boob 
Studen է CD: "No. í dislike that there are less chances to analysis in the process 
of experience because lean only fol low the gliide of manual in doing tests. Also, 
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there is noi much sharing between the partner. Most of the classmates are pas­
sive and seldom ask questions and discuss together. Some classmates wouldfind 
the answers in books while some only copy the data from other classmates. It 
should be better if there are compulsoiy interactive activities in the studio classes. 
In addition, more animations can be used in teaching so/^are which are more 
interesting and attractive to students and the outcome would be more effective ". 
Student CE: "No, Firstly, I do not like using computer frequently due to my 
problem of short-sighted. Secondly, I am annoyed that I cannot take up the 
procedure and the principle at once because the students do the stimulate experi­
ments without teaching before. I finds it is very difficult and too abstract to 
comprehend the procedure and the principle without touching the realistic tools. 
More, the graphics seem to be two-dim ens iona I and unclear, so I easily miss 
some steps of experiment and fails to read data finally. 
On the other hand, I think that doing computer stimulate experiment is more 
efficient in time used and resource utilization. Also, computer stimulate experi­
ment is the tendency ofpractice in the process of designing electronic product so 
I think I should adapt this type of experiment ". 
Student CF: "No, because a) little interaction between the lecturer and student 
and b) too much theory іท the class ". 
From the preceding comments it can be seen that those รณdents w h o of fered to talk about their 
impressions o f the studio classes had mixed feelings. Some, l ike the v isual ly impaired student had 
particular problems w i th the screen based material ; others had problems accommodat ing the rela­
t ive free-form approach to the classes compared to more tradit ional methods. One th ing that was 
ity was placed on the student to make the most o f the environment. I t is also clear that, although not 
really l i k ing the studio classes, their performance in the assessments was better than the control 
group - see Chapter 3, something o f wh ich they seemed unaware. A lso , many o f the comments were 
contradictory, possibly showing the ambivalent nature o f the response to studio teaching. 
4-2-2 Otherfeędback 
As explained at the beginning o f the chapter, two other methods o f assessing student feelings about 
the รณdio teaching approach were possible by analysing the wr i t ten responses in two question­
nai res used each year by the faculty. One is the Teaching and Evaluation and Improvement Package 
(TEIP) . This is given, voluntar i ly, in the middle o f each semester so that s ta f f can get an idea o f 
how their teaching is evaluated by the students. The second is the Teaching Feedback Quest ion­
naire (TFQ) given at the end o f each semester. It is graded and the results are entered in the staff 
record. A t least one such T F Q must be carried out each academic year. 
Many o f the comments wri t ten were not relevant to this survey - being specif ical ly focussed on 
specific lectures or tutorials. However, below are some o f the comments on the TEIP relating to the 
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studio classes wh ich were relevant to the study presented in this thesis. 
Semester A, 1996. The tutorial questions are too hard for แร to solve the 
lecturer should teach us how to memorise the equations and the materials in an 
interesting way. 
Semester A, 1996. The lecture time is mixed up with the tutorial time and I think 
it is hard to understand the lecture at the same time immediately. So, I think it 
should separate into two parts in different times. The method is much more suit­
able for us to understand and ask lecturer question พ the class. 
Semester A, 1997. The teaching is quite interesting, because she lises the power 
point and also the lesson in the studio It is better for the lecturer to explain 
the difficulty theory deeply, because she always teach แร about the same effort in 
both the easy and difficult topics. Overall she is quite good in teaching. 
Semester A, 1997. About lecture, we can catch lecturer 'ร meaning and we have 
fairly good absorption of the material. About tutorial, I think it used too much 
time for doing the tutorial sheet. It 'ร because it assumes the student had attempted 
the sheet before. The pace in the tutorial is so slow and it has certain degree to 
waste the time. 
O w i n g to the anonymity o f al l the comments made by students i t is not possible to relate these 
comments to the preceding ones. They may have been the same students. It is interesting to note 
that in these examples most comment was made about the tutorials being an integral part o f the 
programme and not separate. Most รณdents seem to l ike the ณtorial /exampleร classes to be some 
t ime after the lecture so that they can absorb the theory, although in practice it is often the case that 
they are as equally unprepared even in that case! 
The T F Q gives scores for a number o f di f ferent aspects o f teaching performance. There is also one 
overall f igure wh ich is the one used ๒ personnel decisions. Recent work by Bradbeer, Shah, Lo and 
Wong (2004) has shown that there is a close relationship between the overal l score given by stu­
dents at the end o f the questionnaire and the indiv idual scores g iven for d i f ferent aspects o f the 
teaching, so that the overall score is an accurate reflection o f these. However, Bradbeer et al ( ib id) 
also show that there is considerable bias in the overall score, w i th the most bias being shown for 
classes which were given to other departments, and in subjects wh ich were not considered part o f 
the main programme but st i l l compulsory core subjects, and for f irst year classes compared to ！ater 
years - al l the factors present in the courses under consideration in this thesis! The overal l score as 
recorded did not reflect these biases, and as the raw score is the only one available, it has to be 
assumed that any bias was the same in each o f the years studied i f any comparison is to be made. 
Table 4.1 below shows the overal l scores for the ciasses being considered, where a lower number 
represents a better score. The standard deviations are also g iven, where the data is available. 
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Year 1996-7 1996-7 1997-8 1998-9 2000-01 2001-02 
Semester A В A A A В 
ITS 3.93 (1.27) 3.59 (0.87¡ 3.33 2.92 3.77 (1.43) -
Non-ITS 3.33 (1.21) 2.97 2.85 3.95 (1.02) 2.89 (0.94) 
Table 4.1 T F Q scores: raw score w i th SD in brackets where available (7 point scale) 
As can be seen, the ITS classes consistently gave higher scores, i.e. worse marks, than the non-ITS 
classes. The contradict ion between the students' seeming disl ike o f studio teaching and their better 
performance w i l l be considered in the next chapter. 
4.2.3 Miller's study 
A t this point it is instructive to consider an alternative point o f v iew. In 1999 Lindsay M i l l e r f rom 
the Department o f Engl ish and Communicat ions at C i t y U asked students to keep a diary o f how 
they reacted to a number o f di f ferent teaching situations. This was part o f his PhD thesis (Mi l le r , 
2003). One o f the classes that he studied was the first year B E M E Electronic Engineering class i.e. 
non-ITS class wh ich was part o f this รณdy. 
A l though the class was not held in the studio, as pointed out previously, the same material was used 
for the lectures in both ITS and non-ITS courses. Relevant abstracts f rom M i l l e r ' s comments 
fo l low. To preserve anonymity, I am referred to as Dr. R， male. L i k e the previous section, M i l l e r 
also keeps the or ig inal grammar. 
M i l l e r f irst comments on m y attitude to teaching the students from M E E M . He comments that the 
amount o f effort expended by me on wr i t i ng my ІесШгеร does not seem to match my claim that I 
lack enthusiasm for lectur ing (this class). 
"One might th ink that a lecturer w i th such negative perceptions o f his students, 
seemingly bome out by poor attendance o fh is lectures, might not prepare or present 
we l l . Instead, the opposite was true for Dr R since he provided handouts and 
numerous examples, and prepared special computer graphic presentations o f h i s 
material, a l l o f wh ich must have taken hours to prepare. I t may be the case that D r 
R is used to presenting his material in such a manner to any audience o f students, 
but his c la iming a lack o f enthusiasm for lecturing at C i t y U was not matched by 
his performance. 
As in the case o f D r p， Dr R's general ІесШге conduct may be considered exemplary, 
and i f his students were aware o f the effort expended on his lectures, they might 
take greater interest in them. Ach iev ing this, though, may require the help o f the 
M E E M Department , i.e. the students ' parent department, h i gh l i gh t i ng the 
importance o f Dr R's course and his value as a lecturer". 
Mi l ler states that lecture handouts were extremely important in my lectures. Dur ing his observations 
o f my lectures he noticed that I made constant reference to them. He postulates that, perhaps as a 
result o f prov id ing such extensive support via handouts, I felt that 1 was able to proceed w i th the 
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lectures at a reasonable pace, i.e. 1 d id not need to wai t for students to copy any o f the equations or 
diagrams as they were reproduced on the hand-outs. However, as one student, Wi lson to ld h im, this 
was not always the case - ( D ) indicates a diary entry: 
Wilson (D): The lecture was about digital system. I understand the lecture 'ร 
speaking but I couldn if olioพ the topic. As he didn ，t has any notes for us and all 
text shown on the screen was too small. I totally couldn 't understand all the 
things. And I can 't write quick enough to make the notes. 
" D r R complained about his students' lack o f prof ic iency in Engl ish. He believed 
that this caused them many problems in his course even though he provided 
support ing hand-outs and extensive references for each lecture. He felt that the 
students d id not have enough language abi l i ty to comprehend much o f the ІесШгеร. 
However, in another part o f the interview Dr R complained about the รณdents' 
lack o f background knowledge, especially in mathematics, wh ich he said made it 
d i f f i cu l t to teach them. There may be some confusion here between the รณdents' 
general Engl ish prof ic iency and any specif ic background knowledge expected o f 
them. For example, in one o f the lectures I observed mathematics work played a 
signif icant role and anyone not famil iar w i t h the level o f mathematics assumed 
there wou ld have had di f f icul t ies fo l low ing the lecture, regardless o fwhether they 
were first or second language users. 
Simi lar to D r p， D r R also d id not see іпсофога ї іпв language strategies into his 
lectures as something he was prepared or qual i f ied to do. St i l l , D r R's views o f the 
รณdents' prof ic iency levels assisted h im in the f i rst weeks o f his course. He was 
h ighly aware o f the type o f students he was teaching and so at the beginning o f the 
semester he gave them an out l ine o f the course and a study plan, suggesting what 
they should a im to do dur ing the semester. He also in formed the students what he 
expected f rom them, namely two to three hours o f reading in addit ion to class 
work. In addit ion to this assistance at the beginning o f the course, D r R also helped 
รณdents dur ing his lectures by using micro and macro-signals for forward and 
backward referencing, relat ing the content o f the 0ԱՄ6ոէ lecture to lectures he had 
already given and those that he was planning to give in the Шшге, using phrases 
such as "We have covered some o f this before., ." and " I ' l l talk about this more 
later on, don' t wor ry about it r ight now." 
M i l l e r wri tes that students' responses to my lectures indicate that they were more aware o f content 
problems rather than specif ic language problems. Many students wrote in their diaries about not 
understanding the concepts or principles that were presented even though they understood the 
words the lecturer used. 
Ken (D) I can hear the lecture, but a targe part did not understand. Just hear the 
words. The lecturer leached clear, but I didn 't know why I didn ，t understand. 
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Although, I can guess the vocabulary and the meaning and know the method to 
calculate the equation, I didn ไ know what he said. 
" A much more detailed analysis o f this Dr R's language and the probiems the 
students have in comprehending the content through i t is required, more than can 
be attempted here. However, there does appear to be a great deal o f confusion 
between the concepts o f language prof ic iency and content knowledge, concepts 
that in engineering courses are d i f f icu l t to separate for both lecturer and students. 
For instance, Dr R's perception that the รณdents' language prof ic iency hinders 
their abi l i ty to f o l l ow his lectures does not match what a former T I student had to 
say: 
Ernie (D): In this lecture, a new topic was started. It was about logic system. This 
subject I had learnt before. As a result, I understood it very well. It recalled some 
memory which is about this subject " 
Another issue related to the language prof ic iency o f students was that I was one o f the lecturers 
who was considered by some o f them to speak fast, causing some di f f icu l t ies, especially as my 
speech was also del ivered in a non-local accent. 
Johnson (D) ： I am not follow the speaking of the lecturer. I think English is a big 
problem. Is the lecturer change to local lecturer it may be better. [Is it the lecturer 
or his Engl ish you do not l ike?]. Second entry: His English. 
"The hidden issue here is to what degree is the students' inabi l i ty to comprehend a 
lecture a fijnction o f their low general language proficiency ( including their relative 
inabi l i ty to understand a foreign accent), and to what extent is i t a result o f not 
having the specif ic subject matter knowledge required o f them? 
Nevertheless, SPs d id not of fer any cr i t ic ism o f D r R's inabi l i ty to use Cantonese 
w i th them. Since Dr R was a foreign teacher they expected al l his lectures and 
interactions w i t h them to be conducted in Engl ish. However, as first-year students 
this was probably the first t ime many had a non-Chinese teacher, possibly accounting 
for the apparent lack o f communicat ion between students and lecturer, wh ich in 
i tsel f may have been perceived as lack o f Engl ish language skil ls by the lecturer". 
Terry (D): The style of the lecture, I think the local lecturers are more suitable 
because foreign lecturers 'speaking speed is too fast. It is difficult to catch to the 
point. Besides, for some difficult idea, it is not easy to understand, so if the 
lecturer is local, he can use Cantonese to explain the difficult idea. 
On the subject o f the heavy use o f technology in the teaching o f the course. M i l l e r writes that it was 
clear I had gone to great lengths to prepare computer-generated examples o f models and diagrams 
to il lustrate my lecture. He observes that this high-tech approach to lecturing appears to be in 
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keeping wi th the mood o f academic management these days at C i t y ช , wh ich is to make use o f 
sophisticated technology in teaching. M y use o f a computer program was a way o f introducing the 
models and diagrams but had the benefit o f familiarising them wi th computer programs in preparation 
for their own use o f them in the teaching studio after the lecture. 
However, he states that the students reacted badly to m y computer presentations for two reasons: 
Firstly, as I moved the mouse to point to dif ferent parts o f a diagram or example, the students 
became frustrated by not being in control o f the program themselves. A l l the students were computer 
literate and used to work ing w i t h computers every day, and therefore having to watch someone else 
use a computer seemed to annoy them. Secondly, to make it easier to see the images projected onto 
a large screen, I d immed the l ights. This was often done at the beginning o f a class and the students 
wou ld sit in semi-darkness for extended periods o f t ime. I n such an environment the students 
succumbed to their t iredness and easily lost their concentrat ion. In addi t ion to th is , w h i l e 
extemporising about the diagrams 【 used stress to h igh l ight feaณres, for example by contrasting 
two words: " I f I put a current here, I ' l l get a field l ike this^ This meant that the students had to 
focus on the diagram instead o f gett ing textual support from the speaker. Dur ing my presentation o f 
computer graphics I often looked at the screen mysel f -ип8ифг І5т§!у as I was point ing out features 
as they talked ― but this meant that I was unable to moni tor the students' comprehension, or lack 
thereof. 
Jack (D): Dr R use a computer program called EDEC to present his lecture. To 
keep the image clear, he turned most of the lights off. This cause the hall dark 
and made me feel sleepy. In addition, it's hard to read the words on the screen as 
the projector 'ร image aren 't so clear. There 'ร lot of ''here, that, this " Although 
there is visual aids it is hard to follow. There are animations in the software 
which should help แร to understand the lecture. However, it doni help much 
actually. 
Mi l l e r writes that the use o f computer technology as a teaching device was crit icised in respect o f 
other lecturers as we l l ， and so it was not specif ical ly my use o f the technology that was being 
crit icised. It is possible that รณdents were not suf f ic ient ly we l l prepared to shift into learning v ia 
this new mode, that is, they had not yet learned how to apply their undoubted computer l iteracy in 
a lecture context. As a result the demands placed on the รณdents by t ry ing to integrate this new 
literacy wi th conventional literacies was too great for most. 
The two case studies presented in M i l l e r ' s thesis serve to i l lustrate that although lecturers and 
students may take part in the same lectures, they may st i l l hold d i f fer ing views about what is 
actually happening in those lectur ing events. 
"These mismatches in perceptions o f the behaviours o f lecturers and students re­
spectively can cause problems for students attempting to comprehend lectures in 
their second language. In order for lectures in an L 2 to be successful, both lectur­
ers and รณdents must share similar views and perceptions o f the lecture event, and 
o f those features wh ich aid in the students' comprehension o f the information pre-
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sented." 
4.2.4 The Studio Physics Siudy 
Another study, carried out in 1998 by one o f the other C i t y U staf f using the ITS also gives some 
interesting insights. This was based on a questionnaire simi lar to the one used for the study in this 
thesis. Yu and Stokes (1999) report the fo l l ow ing : 
"Student-teaching-student approach 
(1) 7 7 % o f the รณdents agree that it is easier for them to ask questions or express 
their ideas dur ing discussions w i t h their group members in the "students teaching 
students" approach compared to the t rad i t ional " teacher teaching students" 
approach. On ly 7 % disagree. 
(2) 6 3 % o f the students agree that they have more opportuni ty to reinforce or 
correct their concepts qu ick ly after discussions w i t h their group members, wh i le 
only 8% disagree. 
(3) 5 4 % o f the รณdents agree that they have more confidence to approach the 
instructor, or to express their ideas to the instructor, after discussing f i rst w i th 
their group members. On ly 8% disagree. 
(4) As a whole, 5 0 % o f the students agree that they learn more eff ic ient ly f rom the 
"students teaching students" approach, wh i le about 12% disagree. 
Problem-based learning and interactive learning approaches: 
(1) 6 9 % o f the students agree that they have chances to refresh, apply and test 
their knowledge as they go through the lecture, and not after the lecture, and this 
helps them learn more dur ing the lecture. Only 9 % disagree. 
(2) 6 2 % o f the students agree that the system provides opportuni ty to see how 
other students handle the same problems, and sometimes different ways o f th inking, 
which cannot be achieved in through the traditional system o f assignment submission 
and subsequent assessment. 12% disagree. 
(3) 6 3 % o f the students agree that they have chances to know how the lecturer 
marks the answers, so that they can know immediately the concepts they are unclear 
about, the facts they have overlooked and the techniques they are unfamil iar w i th . 
On ly 8% disagree. 
(4) 75% o f the students agree that, i f a lot o f students have problems when solving 
the problem or get wrong in the same problem, the ' Interact ive learning*' has given 
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opportunities to the lecturer to repeat the coՄesponding facts, concepts or techniques 
r ight away. 10% disagree. 
(5) A s a whole, 5 5 % o f the students agree that they learn more eff ic ient ly f rom the 
"problem-based learn ing" and " interact ive learn ing" approaches, wh i le only 7% 
disagree. 
Overal l : 
(1) 5 7 % o f the students agree that they learn more ef f ic ient ly f rom classes in the 
M M I T studio using the above teaching approaches. On ly 8% disagree. 
(2) 5 6 % o f the students agree that the present studio teaching classes have 
successfully focused on "รณdent-centred learning" rather than on "teacher-centred 
teaching". 13% disagree. 
3) 6 0 % o f the students express that i f the same materials are taught by the same 
lecturer, they w i l l learn more dur ing these classes in the M M I T studio than in 
tradit ional teaching classes 
4.2.5 Discussion 
From the studies considered above it is clear that there was considerable dissatisfaction w i t h some 
aspects o f studio teaching, but also some satisfaction, qui te often both feelings being expressed by 
the same student. First, many students d id not l ike long lectures, but d id l ike the in formal atmos­
phere o f project-based learning where they could discuss things w i th their classmates. Secondly, 
the actual environment was appreciated, especially some aspects o f the mul t imedia material, such 
as the interactive tutorials. There was also some dissatisfaction w i t h the seeming disconnect be­
tween the material being presented and the lack o f focus as far as what was expected o f them. 
The result o f a l l this feedback f rom students was a major rework ing o f the studio concept, and the 
way in wh ich the courses were structured. This took place after the end o f the period considered in 
this thesis. The impl icat ions are discussed in the next chapter. 
4.3 Rensselaer Polytechnic Institute 
4.S-1 Introduction 
As reported in Chapter 1 ， Rensselaer Polytechnic Institute in Troy, New York, was the first university 
to really apply studio teaching in a major way. B y 2000, all first year courses across the curr icu lum 
were taught using the methodology, w i t h many other courses up to 4th year undergraduate also 
taught the same way. As part o f the research for this thesis, at the end o f 1999 I spent 8 months in 
the Electr ical, Computer and Systems Engineering Department, where I taught one o f the courses. 
76 
This was a course in Electronics and Instrumentation taken by 3rd and 4th year Mechanical 
Engineering and Aeronautical Engineering majors. 
The total course intake was around 120, w i th the class spl i t into three sections o f 40 students each, 
each section taken by a dif ferent professor as instructor. They were organised in groups o f 4， each 
sharing a computer workstation connected to instrumentation for carrying out experiments. Un l ike 
the courses taught at C i t y U , there were no lectures g iven as part o f the course, and no fo rmal 
tutorials. Everyth ing was project based w i th a short descript ion o f the project given to the students 
by the instructor before each one started. The instructor was assisted by two Teaching Assistants. 
Each section had 2 two-hour sessions in the teaching studio, w i t h another 2 sessions available as a 
first-come, f irst-served open shop period. 
The students i n the courses had l i t t le or no electronics experience dur ing their preceding courses, 
other than some physics. Most o f the class had experienced 3 or more studio courses before this 
one. There were extensive notes available on the course web site, provided by the professor in 
charge o f the course. The course was based around a series o f projects w i t h l i t t le lectur ing and no 
tutorials, a l though quizzes were held regularly. The web pages were updated regularly ref lect ing 
some o f the questions raised in class, and also to provide more material for the projects i f i t was not 
available elsewhere. He also provided hints as to how to complete the project. 
The groups had to provide a pre-project report based upon their in i t ia l work in the studio, wh ich 
was then supplemented by a final project report. The pre-report and final report were both assessed. 
Dur ing the course there were two quizzes w i th a f ina l in-class test. Students were expected to use 
the textbook (actually a physics text that I felt was not real ly suitable for this class!), as we l l as the 
web to access in format ion. This was expected to be done either in class or as out o f class work . 
The emphasis on self- learning and larger group size provided an interesting contrast to the C i t y U 
approach, wh ich had far more instruction and less project work , as at the t ime o f this study. The 
students were g iven two questionnaires; one before their f inal assessment by me, and another after 
their assessment by one o f the fraternities. The first was g iven to al l students in the course, and had 
a 3 5 % response rate; the latter, only to the class I taught, and had a s imi lar response rate. 
4.3.2 The first questionnaire 
The questions and responses to the first questionnaire are given in Appendix 7. Question 1 ascertained 
that a small percentage o f students d id not own a computer. This is suφr is ing as RPI has a scheme 
for students to buy lap-tops at a steep discount, as wel l as the whole campus being w i red for 
internet access. However, i t seems that even ๒ 1999 some students d id not feel it necessary to buy 
a computer. 




Figure 4.1 Wha t propor t ion o f you r t ime do y o u use your computer fo r schoo lwerk? 
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Figure 4.2: Other than schoo lwork , what computer appl icat ion takes up most o f your t ime? 
Question 4 
Figure 4 .3 : H o w many studio- type courses have y o u taken before this one? 
The large major i ty spent under 6 0 % o f their computer t ime on school activit ies - Figure 4.1 ； however. 
Quest ion 3 asked what the rest o f the t ime was spent on , and this is shown in Figure 4.2 below. I t 
is clear that emai l /chat rooms dominated, as may be expected. 
The next quest ion asked about the number o f courses taken in studio mode before this one - F igure 
4.3.8ифг І5 Іп§1у the ma jo r i t y had taken 3 or more. O n l y 2 respondents had on ly taken one such a 
course. There were no รณdents w h o were new to the methodology. 
Quest ion 5 shows the ma in di f ference between this course and the ones taught at C i t y U - F igure 
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Question 5 
F i g u r e 4.4: O n th is course, w h e n in the s tud io , w h a t is the ra t io o f t i m e is spent o n 
presentat ions by the ins t ruc tor to other coursework? 
4 ,4 . The large m a j o r i t y o f the respondents c l a imed that less than 2 0 % o f the class t i m e was taken 
w i t h presentat ions b y the mstructor . T h i s compares to a round 5 0 % at C i t y U . T h e nex t ques t ion -
Quest ion 6 - asked about the amoun t o f t i m e spent ou t "O f - c lass on the course w o r k . O v e r h a l f the 
class spent between 4 and 6 hours on such w o r k , agam d i f fe ren t to C i t y U , where emp i r i ca l ev idence 
shows tha t 2 to 4 hours is n o r m a l f o r mos t students. 
The f i na l g roup o f quest ions w e r e l o o k i n g f o r a range o f responses from s t rong ly agree t o s t rong ly 
disagree o n a 5 po in t scale. I t shou ld be noted that the quest ionnai re w a s f ramed such that these 
general quest ions on stud io teach ing we re from the i r exper ience o f a l l s tud io courses, no t the one 
taken here. These f i na l quest ions were based on a quest ionnai re used b y R P I t o de termine student 
feedback. T h e y are also s im i la r t o those used by Y u and Stokes ( 1 9 9 9 ) . A s fa r as I k n o w there has 
been no analysis car r ied ou t as to the bias o r const ruct v a l i d i t y o f these. T h e y are used here f o r 
compar ison w i t h the results o f the feedback from the R P I and C i t y U Physics students t ak i ng s im i la r 
courses on ly . 
Ques t ion 7 concerned the ab i l i t y to car ry ou t g roup d iscuss ion. A s can be seen from A p p e n d i x 7， 
around 6 7 % s t rong ly agreed, o r agreed. 
Ques t ion 8 asked about re in fo rc ing o r co r rec t ing concepts. I n th is case 5 8 % s t rong ly agreed o r 
agreed. 
Ques t ion 9 concerned conf idence in ask ing quest ions o f the instructor. 6 4 % s t rong ly agreed or 
agreed tha t they w o u l d have more con f idence af ter i n i t i a l l y d iscuss ing the ideas w i t h the i r g roup . 
Ques t ion 10 showed that o n l y 5 4 % e i ther s t rong ly agreed o r agreed that s tud io classes a l l o w e d 
them to learn more e f f i c ien t ly . A 8ифгі8Іп§1у h igh number o f 3 6 % o f students disagreed, o r s t rongly 
d isagreed, w i t h th is statement. 
Quest ion 11 con tmued this l ine o f t h i n k i n g by ask ing whether the studio env i ronmen t changed the i r 
ways o f t h i n k i n g about a p rob lem. A smal l ma jo r i t y - 5 2 % agreed, w h i l s t 1 2 % disagreed or s t rong ly 
disagreed. 
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A similar small major i ty - 55% agreed or strongly agreed that there are more opportunit ies in studio 
teaching for interaction w i th the lecturer, whereas 5 6 % agreed or strongly agreed that i t was easier 
for them to fo l low the material in the รณdio - Question 13. 
One o f the claims made for the studio teaching approach at RPI is that i t a l lows for more student-
centred learning. However, only 4 5 % agreed or strongly agreed w i th this statement, w i t h 19% 
disagreeing or strongly disagreeing. 
The next t w o questions asked รณdents to give their opinions as to whether their instructors wou ld 
have performed better in studio teaching or in tradit ional teaching. In some ways this was not a fair 
question as few, i f any, o f the students had come across their instructors previously, so any comparison 
was rather imaginary. However, it is interesting to note that 5 3 % agreed or strongly agreed that 
they wou ld learn more f rom that instructor in the studio and 4 8 % agreed or strongly agreed that 
they wou ld learn more w i th the same materials. 
The results f r om the questions are shown in pie-chart fo rm in appendix 7. For ease o f comparison, 
the results are restated in sl ight ly di f ferent fo rm in Table 4.2 below. This gives the responses in 
terms o f a scale from 1 to 5 - where 5 corresponds to strongly agree, and 1 to strongly disagree. The 
mean and standard deviat ion are given for each question. 
Mean SD 
Question 7: It is easier for me to ask questions or express my ideas 
during discussions with my group in the studio teaching classes than 
to do the same in front of lhe lecturer and the whole class เท traditional 
lectures. 
3.8 1.2 
Question 8: After discussions with my group m em bers, 1 have better 
chances to reinforce or correct my concepts quickly. 
3.5 1.2 
Question 9: 1 have more confidence to ask the lecturer questions or to 
express my ideas to the lecturer after discussing with my group 
mem bers. 
3.7 1.2 
Question 10: 1 can learn more efficiently from the studio teaching 
approach. 
3.1 1.4 
Question 11: เท the studio, 1 have a chance ot know how other 
students handle the same problems, and can sometimnes team 
different ways of thinking, which cannot be achieพsd through the 
traditional sys tem of assignment submitting and marking. 
3.4 1.2 
Question 12: İfa lot of students ha\e questions when solùng a 
problem or they get things wrong in the same problem, studio leaching 
gives opportunities to the lecturer to repeat the corresponding facts, 
concepts or techiques right away. 
3.5 1.2 
Question 13: It is easier for me to follow the materials detj\ered เก a 
studio teaching approach. 
3.0 1.4 
Question 14: Tทe present studio teaching dasses һа\ю successfully 
focused on student-centred leamiing rather than teacher-centred 
teaching. 
3.3 1.3 
Question 15: If the same materials are taught by the same lecturer, 1 
think 1 will learn more during studio teaching classes than in traditional 
teaching classes. 
3.5 1.2 
Question 16: If the same materials are taught by the same lecturer 
both in studio teaching mode and traditional leaching mode, 1 prefer 
attending classes เท the studio teaching mode. 
3.7 1.2 
Resondents: 4 5 
R e s p o n s e Scale ： 5 ะ s t r o n g l y a g r e e , 4 = a g r e e , 3 = n e u t r a l . 2 = d i s a g r e e , 1= s t r o n g f y d i s a g r e e 
Table 4.1 Table 4.2 Responses to questions concerning attitudes to studio courses at RPI 
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Other than for Quest ion 13, the means indicate that the average response is between neutral and 
agree. 
The next quest ion asked about their attendance i n studio teaching classes. V i r tua l ly a l l respondents 
attended fo r between 8 0 - 1 0 0 % o f the t imetabled t ime . Th is corresponded to attendance rates at the 
C i t y U รณdio courses, w h i c h averaged 9 5 % attendance over the six cohorts studied (compared to 
9 5 % at the start o f the semester d ropp ing to 5 0 % at the end for the non- ITS courses!). 
F ina l ly , the respondents att i tude to studio teaching was ascertained. Th is was measured in thei r 
enthusiasm fo r the classes. A s can be seen f r o m Figure 4.5， the vast ma jo r i t y had favourable 
responses. 
Question 18 
Figure 4.5: I feel that I have been ? % enthusiastic in the act iv i t ies in the studio teaching classes. 
A t the end o f the quest ionnaire a space was le f t f o r comments f r o m students. M a n y o f these were 
related to questions f r om the survey. 
Student RQI: *When lecturing teach - don Ì just go over the topics we should 
know. Overall the course was fun ― I enjoyed น". 
Student RQ2: There is too much paperwork involved in this class. There was 
always a rush to finish assignments. Spend the first few lectures reviewing basic 
concepts since most of us have not seen this material since (early) physics courses. 
Make all annomcements in class ― the web page is great but it cannot circum­
vent personal communications. ". 
Student RQ3: ''Not enough time spent on teaching the material. Maybe 30 if 
mins per day was spent on lecture the concepts would be better understood". 
Student RQ4: "The professors waste too much time talking when we need the 
time to do labs " 
Student RQ5: "Overall I really enjoyed this course. But too much was expected 
to be previously known. We have never had this coursework before. The design in 
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most projects was over our heads ''. 
Student RQ6: ՝Ί definitely learned a lot from this course. This can be attributed 
to the fact that I never was introduced to the field of electronics and circuits. I 
still learned a lot. ljust thought that many times น seemed as ifwe were expected 
to Խօพ much more than we actually did Խօพ ". 
Student RQ7: "The class as a whole was a good learning experience ". 
Student RQ8: "Class at times had too much going on and took up most people 'ร 
time, while it was not (heir only class ". 
Student RQ9: Groups of 4 are too large, especially for this classroom. The work 
can easily be divided among 3 people, but adding a 4th makes it too crowded for 
all 4 to work together and it becomes much more difficult to find work for that 
person to do ". 
4.3. ร The Frqternity questionnaire 
The other questionnaire given to students was aimed at gett ing feedback jfrom students for return to 
indiv idual instructors after assessment was completed, and was administered by one o f the univer­
sity fraternities, Tau Beta Pi . It s imply asked for comments or suggestions wh ich wou ld be g iven to 
the instructor concerned. A s may be expected, there was some dupl icat ion o f responses, but i t was 
impossible to ascertain wh ich students had returned both questionnaires, as they were both con f i ­
dent ial . The comments relevant to this thesis are given below: 
Student RFl: "Class was a lot of work - too much at times ". 
Student RF2: "Too much work. This class isn 't even my major and I spend the 
most time on it. The material is gone over so fast that I will never remember what 
I was quizzed on or any useful information. Emphasis wasn ,t оท learning - it was 
оท finishing the experiment on time because there was so much work to do. 1 was 
excited about this class origwally, but it's structure and style of lecturing has 
caused me to not be as active or even care about what I am learning ，. 
Student RF3: ''Studio is much more conducive to the hands on learning style I 
have. Ī wish a studio classes were as well iristructed as this one is ". 
Student RF4: "I got very Hide from this class. The teaching format, or lack thereof 
was insufficient. Questions weren ，t addressed the best way possible. As a result 
the Olit of class work load was too severe for this course ". 
Student RF5: "Studio (classes) should have supplementary instruction '，. 
Student RF6: '^Although the studio class approach is very helpful for 'hands on ' 
circuit building, I feel more time needs to be spent lecturing to provide a more 
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solid theory base before breaking loose and building circuits. Also, the preproject 
reports seem to be a huge waste of time because you basically have to have the 
project completed to do well'\ 
Student RF7: "I think thai the idea of studio classes is good, but they rarely seem 
to work out as well as planned. This class seemed to just throw projects at us 
without enough background information. Most of us are not electrical engineers, 
and therefore need a little more explanation of how the components work before 
we can properly apply them to projects. This class could be improved upon greatly 
by including more instruction at the begwning of class ". 
Student RF8: '՝More time needs to be spent on a lecture in the studio. Perhaps I 
day out of 3 could be a lecture about the materials needed for the week's experi­
ment. I enjoyed working in groups of 4 '，. 
Student RF9: "The class format is good in theory ― however, resources (lab equip­
ment) and instructors are insufficient 4 people is too large for a group, A little 
more focus on learning, then doing. Just throwing us into an activity teaches 
nothing". 
Student RFIO: "My major complaint about this class is that I don't feel the 
lecturer taught us anything. We would be told to perform an experiment and to 
generate a plot from it. We would then be told to explain it. The problem was that 
we never had it taught to แร, so we had no knowledge to use to evaluate it. 
Overall I did not enjoy this class. I did like some of the projects, but I feel as 
though I didn 't learn very much. It was hard to get help during the class because 
of all the groups, and so few TAs ". 
Student RFÌ1: "Lecture more! It doeรท 't have to be for 2 hours a day, but we 
need something to supplement the text. Sometimes more teaching was needed to 
clarify different concepts in the course. It made labs more difficult to understand 
since many of us had little or no knowledge about the experiments. Studio courses 
are definitely more effective that boring students by lecturing for 2 hours ". 
Student RF12: " the class was great: very well organised, interesting projects 
etc... well chosen TAs ". 
Student RFI3: Again, as I saw in all my Physics classes, I like the IDEA behind 
the studio teaching, the implementation here at RPI needs work. I don ไ think 
studio teaching is aฑ excuse not to lecture. We were hardly ever taught anything 
irใ this course. All was left to be figured out, or was left to the TAs. Therefore, 
because our group was more apt to figure stuff out ourselves, our overall grade 
suffered compared to groups that had the TA ร(and over them the whole time and 
answer every questioฑ for them. Basically, I want to see more STRUCTURED 
TEACHING. At least ΐ4 an hour of lecturing aí the beginning of each class, 
perhaps". 
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Student RF14: 'Ίprefer lectures. Too much time in lab is spent doing, rather 
than learning and understanding for a studio class to be effective '，. 
Student RF15: ''Many mechanical engineers have to take this class. Without a 
lecture I don 't know how it can be expected that we learn much. Խ addition, 
you can still do well without having an imderstandwg". 
Once again it seems that some students really l ike studio classes and some do not! However, the 
amount o f t ime needed to complete the work in studio project-based classes is clearly a problem. 
Many students compla in about the amount o f wo rk they have to do. This reflects some o f t h e v iews 
o f C i t yU students. A t the same t ime students w o u l d l ike to see more actual teaching, i.e. material 
presented more formal ly in the fo rm o f lectures. The balance between the formal and the in formal 
must, therefore, be at the heart o f effect ive studio teaching. This w i l l be addressed at the end o f the 
chapter. 
4.3.4 Other survev results from RPI reported in the literature 
Similar student feedback studies were carried out at RP I dur ing the first few years o f studio imple­
mentation. The most comprehensive was by Carlson, Jennings and Schoch (1998) in 1997. They 
also compared two cohorts - one in the studio and one in lectures. 





Number of students 27 27 
Non-majors 1 2 
Females 5 5 
Caucasian 13 14 
Black 2 2 
Asian and others 12 11 
Average QPA 3.179 ±0.530 3.164 ±0.532 
Table 4.3 Student demographics ( f rom Carlson et a l , 1998; Table 1) 
Nonetheless, as shown in Table 4.4， students ๒ the studio course on average performed better on 
the three exams than the students in the lecture cohort. 
Studio course Lecture 
course 
A\erage 77.01 75.81 
Standard deviation 10.59 10.8 
Median 79.68 74.29 
Table 4.4 Total percentage exam scores ( f rom Carlson et al , 1998; Tabi e շ ) 
As Carlson et al. wr i te : 
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"No te , in particular, that the median score o f the รณdio students was more than 
five percent higher ― roughly equivalent to ha l f a letter grade. Since the two 
groups were apparently comparable, and since the preparation was the same for 
both, the studio f o m a t i tsel f led to the improved performance. A t the very least, 
the studio format appears to be as effect ive in the cognit ive domain as the more 
conventional format" 
They then analyse responses f rom two surveys. One was given to al l School o f Engineering 
students al l engineering courses in 1997, and the other f rom a survey o f j us t those students taking 
the studio course mentioned above. 
Signif icant differences emerged in the affect ive domain, judg ing from surveys o f student attitudes 
and perceptions. Table 4.5 lists selected average responses f rom the survey administered to al l 
engineering courses. There were 16 questions in the survey, w i th only the questions that prompted 
noticeable differences quoted in the study. 
Carlson et a l , comment: 
"The "bo t tom l i ne " here is the overal l course rat ing (statement 16)， wh ich was 3.6 
on a 4.0 scale for the studio course, as compared w i t h 3.0 for the lecture course, 
increased รณdent satisfaction w i th the รณdio format is also reflected in the responses 
to statements 11,13, and 14. Furthermore, the studio course received higher positive 
responses than the lecture course on al l aspects o f the survey. O f particular interest 
is the comparison o f responses to statements 4 5,6, and 10. Since the assignments, 
exams, etc., were identical for both courses, the studio format again seemed to be 
more satisfactory f rom the student v iewpo in t . F inal ly , a special survey was 
administered to students in the studio course alone for evaluation purposes" 
Statement Studio Lecture 
4. The written assignments aided the learning process 3.7 ±0.5 3.4 ± 0.7 
5. The leN^I of difficulty is reasonable 3.3 ±0.7 3.1 ± 0.6 
6. The amount of work required is reasonable 3 .310.6 2.9 ±0.8 
10. The tests, quizzes, etc., are learning experiences 3.4 土^^  2.9 ±0.8 
11. The course format is appropriate to the subject 3.6 ±0.7 3.1 ± 0.8 
13. The course encourages students to think for themselves 3.6 ±0.6 3.2 ± 0.8 
14. The course increased knowledge/skills in the subject 3.8 ± 0.4 3.4 ± 0.7 
16. Rate the overall quality of the course 3.6 ± 0.7 3.0 ± 0.7 
Respondents ： 25 in the studio course , 34 in the lecture cou rse 
Response scale: 4 = s t rong ly agree, 3 = agree, 2 = disagree, 1= s t rong ly disagree 
Cou rse rating scate: 4 = one o f the best, 3 = above average. 2 = average. 1=befow average, 0 = o n e o f the wors t 
Table 4.5 School o f Engineering Course Survey ( f rom Carlson et a l , 1998; Table 3) 
Accord ing to Carlson et a l , the selected results g iven in Table 4.6 reveal the fo l l ow ing points: 
• "The studio format promoted class attendance. (Indeed, attendance remained 
above 9 0 % throughout the term, whereas it dropped appreciably in the lecture 
course.) 
85 
• รณdents appreciated the individual ised attention ๒ class and felt less need 
for extra help outside o f the classroom. 
• Students did the outside work necessary for the studio class and felt that 
they benefited f rom the experience. 
• Students felt that they learned more f rom the studio format and preferred it 
to a conventional format. 
The higher student rat ing for the studio course evidently reflects these po in ts" . 
Statement Wean ± SD 
1. 1 attended most ofthe studio class sessions 3.0 ±0.3 
3. 1 appreciated having a staff member nearby in the studio to help 
me when 1 needed it. 3.8 ±0.4 
5. 1 sought out-of-class help for this course more than 1 usually do 2.4 ±0.8 
6. 1 liked having the experiments and computer projects integrated 
with other studio activities 3.5 ±0.6 
8. 1 did most ofthe out-of-class work with another student 3.1 ±0.6 
10. 1 did most of the preparation work on time 3.1 ±0.5 
18. The studio format helped me learn how to learn 3.4 ± 0.6 
19. 1 thin 1 learned more from the studio course than 1 would have 
from a conventional format 3,6 ±0.6 
21. The studio format félt more "friendly" than a conventional 
format 3.8 ±0.6 
21. 1 enjoyed the studio course format more than a con\«ntioal 
course 3.8 ± 0.5 
Respondents :26 
R e s p o n s e scale: 4 = s t rongly agree, 3 = agree, 2.5 = neutrat, 2 = disagree, 1 = st rongly 
disagree 
Table 4.6 Studio course survey ( f rom Carlson et a l , 1998; Table 4) 
4.4 Discussion 
Considering the diversi ty o f v iews quoted above, i t is d i f f i cu l t to come to any firm conclusions 
about the students' attitudes to studio teaching. I f conclusions can be drawn, then the main one 
wou ld seem to be that the experience o f students w i t h exposure to studio classes before the one 
surveyed is di f ferent to those who have not. For example, the major i ty o f R P I students had been in 
studio classes before, and could therefore grasp the reasons behind the methodology, even i f this 
resulted in jus t a hardening o f their responses. One response - not quoted as the language was rather 
crude - hated the studio classes w i th a passion; however, some o f his classmates had exactly the 
opposite feelings, and, indeed thrived in the environment. 
One aspect common to both the C i t yU and RPI surveys was the compulsory nature o f the two 
courses at C i t y U and the course at RPI studied in detai l . Both were given by the Electronics or 
Electr ical Engineering Departments to non-EE students. A n d the courses were a l l ' co re ' courses 
which were not elective. As Bradbeer et al (2004) showed, this type o f course - usually referred to 
as a 'service course' - has a lower student rat ing than core courses in the students' major and 
certainly lower ratings than for elective courses. The possible implications o f this on any qualitative 
survey are looked at in Chapter 6. Some other comparisons have been made between studio and 
non-studio classes in the main disciplines o f the students, and these are considered in the next 
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chapter. 
As for the C i t yU students - they were in the major i ty f irst year students, except for repeats. In fact, 
dur ing the period o f the study, for two cohorts, the studio class was their first ever class at the 
university. No t on ly did they have to cope w i t h a completely new learning environment - starting 
universi ty after school or college is always a stressful t ime - they were also exposed to a teaching 
and learning methodology that was total ly outside their previous experiences. 
Try ing to understand the reason for the apparent dichotomy between the feelings towards the studio 
based classes and the better assessment results is the main focus o f the next chapter. One possibi l i ty 
is to consider learning styles, and to determine whether this provides an explanation for some l ik ing 
and some loathing the studio classes.' 
' During the course of writing this thesis I attended two workshops. The first on learning styles and the 
other on metacognition. Whilst not including much in the thesis on the latter, I was struck by the concepts 
behind the former; they seemed to fit into my own experiences, and I consjdered them empirically correct. 
This may be a controversial statement in the light of some recent publications e.g. Coffield. F., Moseley, D.， 
Hall, E， Ecclestone, K. (2004). 
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Chapter 5 
Studies and styles 
5.1 In t rodŲct ipn 
The preceding chapters raise a number o f in terest ing quest ions and seeming contradic t ions. The 
first o f the cont rad ic t ions is the sณdent responses to the studio teaching methodo logy . I t seems 
that there is a po la r isa t ion o f op in ions , a l though mos t l i ke the approach, and achieve greater 
learn ing, but consis tent ly rate the experience worse than t rad i t iona l methods. Yet, student re ­
sponses from many disc ip l ines show clear ly that the studio teaching approach, based around sma l l -
g roup p r o b l e m or p ro jec t based learn ing , consistent ly ou t -per fo rms t rad i t iona l modes, as far as 
assessment (and i t is c launed, deeper learn ing) is concerned. The first par t o f th is chapter w i l l l o o k 
at w o r k repor ted at univers i t ies other than R P I and C i t y U , and see i f there are any s imi lar i t ies i n 
thei r conclusions. 
The second quest ion to be addressed is w h y some รณdents c lear ly enjoy and thr ive i n the studio 
env i ronment , bu t others hate it, somet imes w i t h a pass ion. Cons iderat ion o f learn ing types, a l ­
though cont rovers ia l , as w e l l as the use o f Type- Ind ica tors m a y be one w a y to address the w i d e 
spectrum o f student responses, and the second part o f the chapter w i l l consider th is , t ak i ng in to 
account recent c r i l i c i sms. 
F ina l ly , w e need to consider changes to the me thodo logy that, hope fu l l y , w i l l address these issues. 
The th i rd par t o f th is chapter w i l l exp la in the changes to the courses studied i n th is thesis and the 
responses o f students to these changes-
5.2 Results f r o m other รณdies 
5.2.1 Studies on other studio-based courses 
Recent studies b y researchers, other than those at R P I or C i t y U , seem to re in force the findings at 
these two univers i t ies . These inc lude L i t t l e and Cardenas (2001) , Vo ig t , Ives and Hagee (2003) , 
Carbone and Sheard (2002) , and L y n c h and M a r k h a m (2003) . 
L i t t l e and Cardenas repor t a study carr ied out at H a r v e y M u d d Col lege, where they used studio 
teaching for a f i rs t year In t roduc to ry Des ign Eng ineer ing Cu r r i cu l um. They based the design 
course around the f am i l i a r archi tectural รณdio layout , rather than a special ised c lassroom, as used 
at RP I and C i t y U . A n o t h e r s l ight d i f ference was the use o f more open-ended projects: 
" T h e t rad i t iona l pedagogy o f the a rch i tec toe studio addresses the evo l v ing design 
space b y the use o f considerable interdct ion between the instructor and the student, 
of ten tak ing the f o r m o f " d e s k cr i t iques," in w h i c h the w o r k i n progress is discussed. 
Students are encouraged to a var ie ty o f design elements and to expand the i r i n i t i a l 
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so lu t ion to consider factors that may no t have been apparent at the beg inn ing o f 
the design exercise. A s the w o r k progresses students may s imp ly be encouraged 
to con t inue i n the i r present ve i n . M a n y eng ineer ing ins t ruc tors have ac t ive 
interact ions w i t h students regard ing the i r w o r k , bu t these "desk c r i t i ques" appear 
to be at odds w i t h some o f the hoped- for e f f i c i ency gains spoken o f by some 
studio advocates' ' . 
They cont inue by cons ider ing the exercises they imp lemented . T h e y b u i l d a case fo r several 
exercises that t ra in the students i n f o r m a l รю11ร and lead up to a larger pro ject . T h e y commen t that 
this is par t i cu la r ly t rue i f the teacher is n o t able to p rov ide "on - the -spo t " rev iews and cr i t i c isms o f 
w o r k at each class. 
" T h e cor responding metaphor i n the v i sua l arts is us ing a series o f exercises as 
sketching or studies. Successful engineer ing des ign studio exercises: 
• Have su f f i c ien t comp lex i t y to pe rm i t an evo l v ing design space 
• A l l o w for mu l t i p le acceptable solut ions 
• L e n d themselves to learn ing fo rn ia l des ign methods and benef i t from 
the use o f design tools 
• Requi re in teract ion w i t h a large number o f par t ic ipants (e.g. , c l ients, 
users, technica l experts outside the students ' or i ns t ruc to rs " f ie lds.) 
• Have su f f i c ien t " l e n g t h " lo demonstrate the benef i ts o f g o o d pro jec t 
management " . 
A l t h o u g h L i t t l e and Cardenas d i d not carry out a comprehens ive survey o f students react ion to the 
studio course, they make the f o l l o w i n g comments based u p o n student feedback: 
" W h i l e รณdea l reac t ion was general ly pos i t i ve , s t i id io-based learn ing represents 
a radical change f r o m the t radi t ional classroom. N o t suφท ่ sшg ly , รณdent reactions 
therefore covered the f u l l spectrum f r o m h i g h l y negat ive to h i gh l y pos i t i ve : 
"The organisation of the material was helpful because each subsequent 
assignment built upon techniques or concepts learned previously. Examples 
used in class illustrated important points and ideas weir. "There was a lot 
of practical application of the course material, which is an excellent way to 
teach a subject ". "I feel that the studio style of this class was especially 
helpful It caused us to have to learn the material by actually being put พ 
situations in which the engineering design techniques would be helpfi4l'\ 
89 
Nega t i ve comments genera l ly were re la ted to the dura t ion and scope o f the 
projects. A v e r y h i g h percentage o f the students ind ica ted that more t ime needs to 
be a l located fo r the final project . 
"There was a lot of stress from a shortness of time and from tiying to get 
evefything dorte on time"Shorter design exercises would improve things". 
"Give us more time for the final project". 
I n their conclus ions they state: 
" W h i l e there is widespread interest in the use o f studio-based engineering education, 
m u c h o f i t appears to over lap so extens ive ly w i t h other fo rms o f act ive learn ing 
that i t is d i f f i c u l t to spec i f i ca l l y ind icate the ef fect o f the studio me thod i t s e l f We 
st ľuctured and taught an in t roductory engineer ing design course w h i c h was closely 
mode l l ed on the t rad i t iona l archi tectural studio approach. The results s t rongly 
suggest that this is a v iable sty le o f teach ing and learn ing engineer ing design. 
Because a s t r ic t ly studio-based approach is un fam i l i a r to students, care shou ld be 
exercised i n the selection o f exercises, Й1Є wo rk load o f ü i e students, and in p rov id ing 
appropr iate feedback on student w o r k . We be l ieve that cont inued exper iments i n 
studio-based engineer ing educat ion are war ranted, and p lan to cont inue t h e m " . 
Carbone and Sheard (2002) conducted a study w i t h f i rs t year รเนdents on a 2 semester I T course 
at Monash Un ivers i t y taught in a teaching studio. The course was part o f t h e Bachelor o f i n f o r m a t i o n 
Management and Systems ( B I M S ) . Th is s tudy invest igated students' experiences learn ing i n the 
studio teaching and learn ing env i ronment . The students were surveyed dur ing the last week o f 
semester 1， and the same students were surveyed i n the last week o f semester 2. A l l the students 
were asked to comple te an on l ine quest ionnaire; par t i c ipa t ion i n the survey was vo luntary . 
The quest ionnaire asked students to rate the learn ing env i ronment , the fac i l i t ies avai lable to t hem, 
the subject content, assessment method, and the l eve l o f sat isfact ion, on 5-po in t L i k e r t scales. 
Demograph ic data i n terms o f gender, in ternat ional basis, degree and age we re gathered. The 
quest ionnaire also conta ined quest ions to help establ ish a p r o f i l e o f the รณdents and enable 
compar isons to be made between responses on the basis o f gender and the backg round o f the 
students. The รณdents were g i ven the oppor tun i ty to p rov ide open-ended comments about aspects 
o f the studio env i ronments . O n l y the responses on the teaching and learn ing methodo logy , and 
their leve l o f sat is fact ion w i t h the studio were considered. 
The means and standard deviat ions o f the students ' rat ings o f components o f the teaching and 
learn ing me thod in semesters 1 and 2 are shown i n Table 5 . 1 . Data analysis ( independent groups 
t-tests between the t w o groups) showed that, accord ing to Carbone and Sheard: 
" T h e f o l l o w i n g s ign i f icant d i f ferences we re found : 
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• students were col laborat ing w i t h i n the group more frequently in semester 
1 compared to semester 2. 
• students were seeking considerably m o r e assistance from the teaching 
s ta f f in semester 2 than semester 1. 
• รณdents fe l t the studio act iv i t ies i n semester 2 were better at deve lop ing 
thei r sk i l ls and k n o w l e d g e than those p rov i ded i n semester Г . 
Quest ion 
Jun 2001 Oct 2001 
Mean SD Mean SD 
1 used content and skills from other core subjects 3.65 1.01 3.68 0.94 
Group work contributed to my learning 3.95 0,93 4.02 0.93 
1 collaborated with my group to complete the activities 4.17 0.82 3.9 0.89 
Access to the studio spaces was available 4.01 0.95 3.84 0.92 
1 received sufficient assistance from the teaching staff 3.6 1.05 3,96 0.82 
1 was required to manage my time when undertaking 
the studio activities 
3.92 0.87 4.12 0.8 
1 was required to negotiate in\ÄDlvement with team 
m em bers when working on activities 
4.16 0.88 4.02 0.91 
The level at which the studio activities developed my 
own skills and knowledge 
3.77 0.96 4.17 0.87 
The level which the seminar session p re pares you for 
your studi๐ work 
3.52 1.15 3.57 1.04 
s e m es rers 1 and շ. A 5-poi nt Likért scale was used, where 1 indicated not at all and 5 indicated frequently. 
Table 5.1 Students ' rat ings o f the teaching and learn ing approach (Table 4 f r o m Carbone et a l , 
2002) 
The means and standard deviat ions o f the students' rat ings o f the leve l o f sat isfact ion o f the รณdio 
at the end o f semester 1 and semester 2 are shown i n Table 5.2. A s ign i f i cant d i f ference was 
f ound w i t h students show ing greater preference to learn ing i n the studio env i ronment i n semester 
2 than compared semester 1. A n interest ing finding i n semester 2 was that the ease o f w h i c h 
students fe l t they were able to represent thei r l eve l o f sk i l l s and know ledge i n the i r po r t f o l i o was 
h igh l y correlated w i t h the students' leve l o f sat isfact ion w i t h the subject 's content and the students' 
leve l o f sat isfact ion w i t h the overa l l course. Other s t rong re lat ionships were shown w h i c h were 
no t unexpected. A h i g h cor re la t ion was found be tween ü le students ' l eve l o f sat isfact ion w i t h the 
course and thei r leve l o f sat isfact ion w i t h the subject , and whether students w o u l d recommend the 
course to others was h i g h l y corre lated w i t h thei r leve l o f sat is fact ion w i t h the subject and the 
course . " 
Carbone and Sheard also pub l i sh student comments as part o f the feedback. Those relevant to the 
study i n this thesis were : 
"I think that the Studio is a very good place in which to fidrther our skills in 
both team work and various applications". "The facilities and atmosphere 
in Studio 1 is really terrific and relaxing, I love going there to do my work". 
"The studio subject was the only subject I could not really understand its 
91 
Question 
Jun 2001 Oct 2001 
Mean SD Mean SD 
My levBİ of satisfaction with this subjects content 3.16 1.00 3.30 0.80 
My level of satisfaction with my overall course so far 3.50 0.96 3.44 0.92 
The chances that 1 would recommend others to do this 
course 
3.33 1.11 ՜ ՜ 
1 preferred learning in the studio environment as 
compared to the standard lecture/tutorial environment 
3.87 1.04 4.18 0.99 
1 prefer to work as part of a team/group as compared 
to individual work 
3.48 1.09 3.34 1.18 
The pace of the subject compared to other non-core 
subjects was very slow 
2.66 0.92 2.80 1.08 
\ ― ― _ _ ― — — „丄^_ _ 
The meanร and standard deviations of the siudents' ratings of components of the teaching and learning method in í 
s em es ře rs 1 and շ. A 5-poi ո է Likért scale was used, where 1 indicated not at all and 5 indicated frequently. 
Table 5.2: Students ' rat ings o f the leve l o f sat is fact ion (Table 5 f r o m Carbon et a l , 2002) 
purpose '\ "The course material was too broad, but I expect that over the 
next two years I will be able to gradually focus on my particular area of 
expertise "What I have learnt in studio has been through some of the 
class members". "The studio activities and group works really help me a lot 
in understanding the course better 'Ί like to put things into practice, ahead 
of learning the theory behind it, so the studio openly provided that 
opportunity". ''Iprefemd the learning environment of the studio as it promotes 
interactivity amongst students which mimic the workforce environment'*. " I 
really like the Studio environment as compared to standard/lecture/tutorial, 
since it really makes it interesting to attend. Even three hour session fly by 
jusi like that'\ 
They also drew the f o l l o w i n g conclusions: 
" I n general most first year students enj о ved learn ing in the studio env i ronment . 
The studio faci l i tates learners' const ruct ion o f k n o w l e d g e b y p rov id i ng t hem w i t h 
an env i ronment i n w h i c h they are encouraged to th ink , create and integrate. A n 
unexpec ted finding o f the s tudy w a s the ev idence o f students d e v e l o p i n g 
metacogni t ive sk i l ls . A l t h o u g h , there were concerns raised i n semester 1 regard ing 
the po r t f o l i o assessment, b y the end o f the year students found i t easier to decide 
wha t to submi t fo r the self-select part o f the po r t f o l i o , and h o w to organize the i r 
po r t f o l i o . B y the end o f the year รณdents also f o u n d i t easier to represent thei r 
leve l o f sk i l l s and know ledge i n the po r t f o l i o , w h i c h had a s ign i f icant impac t on 
the i r sat is fact ion o f the subject. 
Th i s research has h igh l i gh ted four aspects o f learn ing env i ronments ; the phys ica l 
space, the teaching approach, the assessment me thod and the I T faci l i t ies p rov ided , 
that are impor tan t to consider when const ruc t ing new learn ing env i ronments. I t 
has s h o w n w h i c h aspects o f these impacts on the students ' leve l o f sat is fact ion 
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w i t h their learn ing. I t is in tended that the results presented i n th is paper act as a 
gu ide for other inst i tu t ions p lann ing to imp lemen t a studio based teaching and 
learn ing approach" . 
A later s tudy from M o n a s h , pub l i shed b y L y n c h and M a r k h a m (2003) , compares the responses o f 
students on the B I M S p rog ramme, descr ibed above. A survey was designed to examine h o w the 
educational environment o f the studio compared Avith the environ!ฑents o f related non-stiidio units 
i n the course. 
" T h e ins t rument consisted o f 19 questions whe re รณdents were asked to p lace on 
a scale where the studio or non-s tud io env i ronment sui ted the i r learn ing needs 
best. The quest ions where framed w i t h a preamble f o r the students to p lace the 
survey i n context, ' T h i n k about this [the survey questions] in terms o f your learning 
needs and h o w they are be ing met ; y o u m i g h t relate th is to the leve l o f personal 
c o m f o r t ' . T h e scale used was a con t i nuum, or a balance, where the students 
w o u l d mark a pos i t i on on the scale that ind ica ted where Ihey fe l t the env i ronment 
was best s i tuated f o r thei r learn ing needs. The add i t i on o f a ' no t sure ' op t ion was 
used i f tìie รณdent was unsure o f where o n the scale they p laced the issue. The 
m i d d l e po in t o f the balance was ' ze ro ' . A zero po in t was expla ined as the po in t 
' that both conventional [tradit ional] learning enฟronment and the studio environment 
g i ve the same fee l ing o f personal comfo r t . ' One hundred and th i r ty four students 
par t ic ipated in the survey, represent ing approx imate ly 4 3 % o f the enro l led cohort . 
Students from each o f the three year levels o f the degree p rogramine par t ic ipated 
i n tìie survey ( 3 3 % , 4 6 % and 4 9 % respect ive ly ) . The surv'ey was conducted 
dur ing studio t ime, and part ic ipat ion in the research was anonymous and vo luntary" . 
The first tab le from L y n c h and M a r k h a m presents the 19 questions used to assess the s tud io-
t rad i t iona l d imensions. I t also includes the means and standard deviat ions fo r each o f the i tems. I n 
order to make the data more d i rec t ly readable, the -5 to +5 rat ings were conver ted to a 1 to 11 
scale. Th i s gives a m i d - p o i n t o f 6 and a va lue be low 6 represents a favourable ra t ing fo r the studio 
environment. 
A s the students w h o were surveyed came from a l l years levels o f the course so an analysis o f 
var iance was carr ied out to compare the re lat ive d i f ferences in student percept ions o f the Stud io 
p rog ramme g iven thei r experience o f that p rogramme. The means and standard deviat ions fo r the 
8 questions by year leve l ( Q . l , Q . 3 , Q . 1 3 , Q . 1 5 , Q . 1 6 , Q . 1 7 , Q - 1 8 a n d Q . 1 9 ) w e r e also calculated. 
Lynch and M a r k h a m note that: 
" F r o m Т а Ы ^ 1 (5.3 b e l o w ) .... i t can be conc luded that overa l l , the students 
favoured the studio sty le o f teaching over t rad i t iona l teaching on the ma jo r i t y o f 
the eva luat ion i tems - a l l except questions 2， 7, 8, 14 and 16. 
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opin ion N Mean SD 
1. Efficient use of my time 130 5.4 3.18 
2. Developing personal time management skills 131 5.63 2.98 
3. Knowing which staff member is responsible for material in a current topic 131 5.3 2.78 
4. Developing negotiation skills 131 4.81 2.79 
5. Using collaborative work (group work) approaches 132 4.17 2.78 
6. Developing prob lem solving strategies 132 5.24 2.99 
7. Being in charge of my own learning 132 5.48 3.18 
8. Having a stณctured timetable 130 5.93 2.94 
9. Internalising the ethics of my profession 129 5.29 2.67 
10. The levei of direct engagement with my lecturers 130 4.83 2.77 
11. The impact of having multiple experts deliver on topics 128 4.7 2.66 
12. Developing and understanding of professional practice 129 4.91 2.59 
13. Enhancing my feeling for what is wanted in jobs in my professional area 130 4.76 2.62 
14. Feeling secure with the content of what 1 am doing 130 5.73 2.74 
15. My satisfaction with the learning experience 129 5.28 2.63 
16. The depth of my understanding of the 'average' topic we have covered 128 5.55 2.69 
17. My feeling that 1 am involved in a rich learning environment 128 5.33 2.76 
18. The sense that 1 am getting all that 1 can from staff expertise 130 5.39 2.72 
19. My preferred learning environment. 131 5.3 3.12 
F ig 5.3 Survey questions and descr ipt ive statistics (Table 1 from L y n c h and M a r k h a m , 2003) 
A n examina t ion o f the frequency p lots fo r each o f the questions ind icated that 
they we re skewed towards the studio end o f the scale. The plots also showed that 
the students used the m i d po in t , on the average, th i r teen percent o f t h e time. Th i s 
suggests that most students had a clear po i n t o f v i e w on one side or the other. 
The d i f ferences between the sti ideats f r o m the three years o f the course are 
based u p o n the t h i r d year students be ing less or iented towards the sUidio than 
either o f t h e earl ier years. The questions cou ld be said to cover the broad concept 
o f the studio, part icular ly questions 15-19, and its a f f in i ty to col laborative teamwork 
rather than i nd i v i dua l w o r k " . 
They conclude: 
" O v e r a l l , the s tudy ind ica tes tha t the s tud io m o d e l is a p re fe r red l ea rn i ng 
env i ronmea t f o r students under tak ing the Bache lo r o f I n f o r m a t i o n Systems. 
Nevertheless, i t is impor tan t to note, that there is no t one besí env i ronment fo r all 
students, bu t gather ing and incorporat ing a range o f ideas, models and pedagogies 
in to the learn ing env i ronment adds to the students ' leve l o f comfo r t i n sat is fy ing 
their learn ing needs. Th is leads to the student's deve lopment and readiness fo r 
the I T w o r k f o r c e " . 
In another study carr ied out at บ . ร . N a v a l Academy , Vo ig t , Ives and Hagee (2003) , report on a 
studio-based course teaching Elect r ica! and Computer Eng ineer ing to non-engineer ing majors. A l l 
non-engineer ing students at the N a v a l Academy are enro l led i n a t w o course Elect r ica l Engineer ing 
sequence as a core requi rement . A c c o r d i n g to V o i g t et a l . : 
" W e also have a lways had class sizes o f a round twen ty and were no t w i l l i n g to 
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і year average 
F i g 5.1 Compar ison o f grade d is t r ibut ion. The 2003 results were fo r the studio group. (F ig . 3 
f r o m Voigt et a l , 2003) 
sacri f ice our l ow student-to-teacher rat io. The teaching concept o f the studio 
classroom was what we real ly wanted for our students. The students in this course 
were not engineers so we fe l t that this fo rmat fo r learn ing was an obvious choice. 
The students w o u l d get more hands-on appl icat ions-or iented learn ing than w e 
cou ld o f fe r in a separate c lassroom and laboratory experience. I t was also clear 
that we w o u l d be able to max im ise this ef fect fo r a w ider var ie ty o f topics in a 
single studio classroom better than with application Sf>ecific labs and generic 
classrooms. We had one other goa l : w e wanted this to be fun and interest ing to 
students w h o real ly had no desire to be in the class fo r its content, but were there 
s imply because i t was required. Th is goal is not as ฝ t ru is t i c as i t sounds: recru i t ing 
technical majors is chal lenging, but i f the students can enjoy the mater ia l , i t makes 
at t ract ing f reshmen that much easier". 
The study was o f a two-course sequence cover ing every th ing from basic c i rcui ts and motors / 
generators to d ig i ta l communicat ions and networks. A s Vo ig t et al report: 
"Co l labora t ive learn ing d id p lay a part in this course. Students were encouraged 
to col laborate on homework problems together, a l though dup l ica t ion o f w o r k was 
not a l lowed. In general , since there are several ways to attack comp lex electr ical 
problems, this fostered an exchange o f ideas and methods on the best way to 
reach a so lu t ion. 
Since there were enough lab benches for each student, most Practical Exercises 
(PEs) were done ind iv idua l ly . There were, however, some PEs that supported 
w o r k i n g i n teams. I n part icular, the PE that measured the D C transients i n a 
capacit ive c i rcui t wh i ch invo lved recording va ry ing vol tage levels, and the Motors 
and Generators PE due to its complex w i r i n g and level o f hazard. In add i t ion, the 
precฝculat ions fo r most PEs were per fo rmed in groups" . 
A l t h o u g h Voigt et al d i d not carry out a comprehensive analysis w i t h comparat ive data, they d i d 
comp i le an average o f grades g iven f o r the or ig ina l (non-s tud io) course over the previous 4 years, 
o f fe red in both semesters, and compared them to the s ingle semester o f grades fo r the new 
studio-based course. Those results are i n the F igure 5.1 above. There appears to be no s igni f icant 
differences in performance by the students. Their conclusions include the fo l l ow ing points, a l though. 
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as they po in t out, " o n l y one semester o f the n e w course had been g i ven at the t ime o f this report : 
• The amount o f t i m e and e f fo r t in the p lann ing stages fo r these courses was 
signif icant. 
• Feedback f r o m the students has been mos t l y pos i t i ve , however , some rather 
po in ted comments on h o w a l l o f these many and va r i ed topics fit together has 
been a consistent theme. 
• M u c h o f the feedback w i t h respect to the PEs f r o m the course was ve ry pos i t ive. 
Students commented on h o w i n t rad i t iona l laboratory courses they had taken, the 
theory m igh t have been covered up to a week 's t ime away. They rea l ly appreciated 
be ing able to re in force the lecture mater ia l so soon after hear ing i t . Th i s is yet 
another endorsement f o r the studio c lassroom/ laboratory concept. I t w o r k s as 
advert ised and, fo r th is audience, m u c h better than the t rad i t iona l methods. 
• Instructor feedback was also ve ry pos i t ive. I f the inst ructor was used to b r ing ing 
hardware demonstrations to their classroom, they were del ighted to have the facil i t ies 
close at hand. For those w h o d i d no t , w h e n demonstrat ions were p rov ided , they 
became more inc l i ned to use them. 
• The i r in i t ia l impress ion o f th is sty le o f teaching was ve ry pos i t i ve . T h e y have 
begun to imp lement th is t ype o f teaching i n the E lec t r i ca l Eng ineer ing ma jo r 
in t roduc tory courses. The i r p r i m a r y goal was one o f pedagogy, a better w a y to 
present and teach the mater ia l that w o u l d increase unders tanding and retent ion. 
Side benef i ts that they had not p lanned for were the e f f i c iency o f r o o m schedul ing 
and the time gained b y h c o ^ o r a t i t i g the laborator ies in to the class per iods. B o t h 
instructors and students are more engaged. 
• T h e y d i d no t see thivS as the on l y w a y to teach a labora tory course. Single use 
laborator ies that are also used fo r research were no t w e l l sui ted fo r th is approach. 
T h e y do, however , see i t as a better w a y for m u c h o f the core courses as they 
cont inue to imp rove and re f ine the i r p rog ramme" . 
3-2^2 Other studies 
A number o f other studies have been repor ted, a l though not as in m u c h detai l as those above. 
Palmer et al (2002) fo r example, at V i r g i n i a C o m m o n w e a l t h Un ive rs i t y , repor t on a st i id io-course 
developed for an engineer ing chemis t ry course. Th is referred m a i n l y to the sett ing up o f the studio 
and the structure o f the course, b u t had l i t t le quant i ta t ive data re la t ing to student assessment or 
feedback. There have also been a numbe r o f studies ca r r ied out at R P I i n areas other than 
engineer ing. T h o m p s o n (2001) reports a study at R P I on aeronaut ical engineer ing, makes the 
commen t that " th is s tudio approach is shown as an example o f p ragmat ic re levant educat ion 
96 
w i t h o u t abandoning the pr inc ip les o f the fluids engineer ing sc iences", bu t does not inc lude any 
usefu l data. M c N i e l l and Keenaghan (2002) at Worcester Poly technic Inst i tu te, repor t on the 
t rans i t ion from t rad i t iona l methods to sUidio-based teach ing on an Ana logue Integrated C i rcu i t 
Des ign course. 13 students vo lun teered to ' tes t -d r ive ' the n e w course, bu t no systematic analysis 
o f the results was carr ied out. They comment : 
" I n an at tempt to test the effect iveness o f the studio fonฑat du r ing the асШа І 
course, one quest ion on each o f the course exams was geared spec i f i ca l l y t o 
i n f o r m a t i o n covered i n the studio ( lab and s imu la t ion ) sections o f the lectures. A 
to ta l o f 29 out o f 43 students pe r fo rmed better on tbese "s tud io quest ions" than on 
the rema in ing t rad i t iona l quest ions. Interest ingly, o f the s ix " t es t -d r i ve " students 
w h o enro l led i n the course, a l l pe r fo rmed better on lhe studio quest ions. 
F r o m the student evaluat ions administered at the end o f the course, a l l bu t one 
student commen t i ng on the new fo rmat men t i oned a preference to the รณdio 
format . I n response to a quest ion regarding possible improvements , many students 
requested longer lecture per iods. For the nex t o f f e r i ng o f the course i n the spr ing 
o f 2003 , two -hou r lecture per iods w i l l be he ld three t imes a week , w i t h bo th 
s imula t ions and lab measurements i n each p e r i o d " . 
m i r r o r the me thodo logy i n th is thesis. W h a t is impor tan t about these studies, especial ly the ones 
carr ied out b y Felder and col leagues at N o r t h Caro l ina State Un ivers i t y , is the i r at tempt t o exp la in 
the results us ing Personal i ty T y p i n g and Lea rn ing Styles, A l t h o u g h this me thodo logy has come i n 
f o r some trenchant c r i t i c i sm recent ly, most f o l l o w i n g the pub l i ca t ion o f C o f f í e l d et al (2004) i n the 
"Learning styles and pedagogy in post-16 learning: A systematic and critical review" book le t , 
there is some benef i t i n us ing the concept o f learn ing styles i n t r y i n g to exp la in w h y d i f fe rent 
students show such d i f fe ren t react ions to the studio teaching p a r a d i g m ^ 
Felder, Felder and D ie tz (1997) repor t the conclusions f r o m a 5 semester l ong iณd ina l รณdy o f 
chemica l engineer ing students at N o r t h Caro l ina State Un ivers i t y . T h e y sp l i t the classes in to a 
con t ro l g roup that t o o k the courses i n the t rad i t iona l manner, and an exper imenta l group that were 
taught us ing extensive co l laborat ive (team-based) learn ing. A l t h o u g h not a t rue studio-based class 
the exper imenta l me thod conta ined the m a i n elements o f studio teach ing - e.g. p r o b l e m so lv ing 
and col laborat ive learning. Four p reฬՕԱՏ reports presented the detai led analysis o f the data obtained 
i n greater deta i l (Felder et a l , 1993; Felder et a l , 1994; Felder et a l , 1995a; Felder et a l , 1995b) . 
These results, a l though interest ing, are no t ent i re ly relevant t o th is thesis and thus on ly the summary 
f ind ings w i l l be quoted. 
F i rs t , Felder et a l (199^^ address the gender issue. Th is has been ignored i n many pub l ica t ions on 
1 We should also have to take into account that much of the early attempts to assemble a theory of collabora­
tive learning were based on early learning style papers, such as Kolb ( 1984), as detailed in the first chapter of 
this thesis. It seems, therefore, logical to continue in this general direction, even though the statistical evi­
dence for some of the approaches may be in some doubt! 
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t he subject, bu t as Felder 's w o r k m a i n l y invo lves Personal i ty T y p i n g and Learn ing Styles (see 
b e l o w ) they consider i t impor tant . 
"Coopera t i ve (team-based) learn ing was a ma jo r component o f the exper imenta l 
course sequence and was v i e w e d pos i t i ve ly by both men and w o m e n but more so 
b y the wome피 however , the w o m e n were also s ign i f i cant ly more l i k e l y to feel 
that their cont r ibut ions were underva lued b y other g roup members . W h e n asked 
w h a t they perce ived to be the greatest benef i t o f group w o r k , the m e n were m u c h 
more l i ke l y to say they benef i ted from exp la in ing the mater ia l to others w h i l e the 
w o m e n were more l i k e l y to ci te h a v i n g the mater ia l exp la ined to t h e m " . 
T h e y then consider the d i f fe rent responses to s tud io- type courses tak ing in to account Personal i ty 
Type based on the M y e r s Br iggs Type Ind ica tor ( M B T I ) . Th i s w i l l be exp la ined i n greater detai l 
be low. 
" T h e e x p ^ ^ cou^^ emphasised appl icat ions over theory, i nc luded both 
t rad i t iona l and open-ended quest ions and prob lems, and p rob lem- fo rmu la t i on 
exercises that stressed creat ive t h i n k i n g , and i n v o l v e d a great deal o f g roup w o r k , 
b o t h i n and out o f class, as opposed to exc lus ive f o r m a l lec tu r ing and i nd i v i dua l 
homework . M o r e sensors than in tu i tors rated the exper imental courses m u c h more 
instruct ive than other more t rad i t ional chemical engineering courses they had taken 
(a l though w e l l over ha l f o f the students i n bo th categories expressed this op in ion ) " . 
(Felder et a l , i b i d ) 
T h e y consider that the use o f m o r e co l labora t ive , student-centred, ins t ruc t ion was a w o r t h w h i l e 
goal: 
"Ev idence suggests that re lat ive to t rad i t iona l ly - taught students, the students w h o 
proceeded through the exper imental sequence emerged w i t h more posi t ive attitudes 
about the qual i ty o f their instruct ion, h igher levels o f confidence in their engineering 
p r o b l e m so lv ing abi l i t ies, a greater sense o f c o m m u n i t y among themselves, and 
perhaps a h igher leve l o f emp loyab i l i t y resu l t ing i n par t f r o m the i r extensive 
experience w i t h team p ro jec t s " (Felder, 1995b) . 
" T h e nature o f the s tudy made i t imposs ib le to d raw s ta t is t i ca l l y ve r i f i ab le 
conclus ions about whe ther the exper imenta l group actual ly ach ieved a greater 
maste iy o f the cu r r i cu l um content or graduated w i t h h igher stóU levels than the 
compar ison group. I t is also no t possib le to determine the extent to w h i c h the 
pos i t i ve e f fec ts that we re observed c o u l d be a t t r ibu ted to the expe r imen ta l 
ins t ruct ional methods and tìie extent to w h i c h the Hawtho rne ef fect cou ld be 
responsible. However , i t is fa i r t o conc lude that pos i t ive results can be expected i f 
an inst ructor teaches i n a w a y that integrates theory and pract ice rather than 
proceeding deduct ive ly from theory to pract ice, and i f the students are requi red to 
w o r k w i t h , learn f r o m , and teach one another rather than re l y i ng on the instructor 
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as the sole source o f i n f o r m a t i o n " . (Felder et a l , 1997) 
However , they finally consider the gains in student learn ing against the extra e f for t requ i red o f 
those do ing the teaching: 
" M o v i n g to a student-centred inst ruct ional approach m a y not be an easy step for 
professors o f technica l subjects (or any other subjects, fo r that mat ter) . T h e y 
have to deal w i t h the fact that w h i l e they are learn ing to imp lement the new 
approach they w i l l make mistakes and may for a t ime be less ef fect ive than they 
we re us ing 
more f am i l i a r teacher-centred methods. They may also have to conf ron t and 
overcome substant ial student oppos i t ion and resistance, w h i c h can be a most 
unpleasant exper ience, especial ly fo r teachers w h o are good lecturers and m a y 
have been popular w i t h students for many years. The experience o f the long i tud ina l 
study suggests that instructors w h o pay attention to col laborat ive learning pr inciples 
w h e n des ign ing thei r courses, w h o are prepared for i n i t i a l l y negat ive student 
reactions, and w h o have the patience and the conf idence to w a i t out these reactions, 
w i l l reap their reAvards in more positive รณdent attitudes toward their subjects and 
t o w a r d themselves, and probab ly i n more and deeper student learn ing (a l though i t 
ทาay be d i f f i c u l t to quan t i f y the latter outcomes) . I t w i l l take an e f fo r t to get there, 
but i t is an e f fo r t w e l l w o r t h m a k i n g " (Felder et a l , 1997). 
5,2.3 Discussion 
I t is clear from the studies quoted i n th is sect ion that there are consistent advantages f r o m รณdio-
t ype courses. These findings complement those g i ven i n Chapter 3. Students w h o use the teaching 
s tud io i n i t i a l l y f i n d p rob lems w i t h the methodo logy , bu t once comfor tab le w i t h i t , mos t achieve 
greater learn ing as shown b y assessment and feedback. A g a i n , there w i l l a lways be those w h o are 
unhappy and cannot th r i ve i n the s tud io env i ronmenL 
W e n o w go on to consider whether var ious aspects o f student d i ve rs i t y can exp la in th is . 
5.3 Student d ive rs i l v and personal i ty type 
5-3^1 Introduction 
There have been many attempts over the past 50 years or so to categorise students in to types 
accord ing to h o w they are perce ived to learn. M u c h o f th is w o r k has been carr ied out over the 
w h o l e cu r r i cu l um, w i t h f e w people focus ing on engineer ing students. A t the same t i m e , many 
teachers o f engineer ing have seen that รณdents do learn i n d i f fe ren t ways , w i t h some learn ing 
mo re i n f o r m a l lectures, some i n tu tor ia ls , some in laboratory classes. Th is evidence is mos t l y 
emp i r i ca l , and any teacher w h o has been teaching for a f e w years (or decades!) w i l l come to the i r 
o w n conclus ions. M o s t o f these conclusions have never been pub l i shed , bu t are the backg round to 
m a n y discussions on cu r r i cu lum development i n many s ta f f rooms across universi t ies and col leges 
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w o r l d w i d e . They are also the ' f o l k - w i s d o m ' passed d o w n from exper ienced teachers to newer 
teachers dur ing the men to r i ng process. 
I n fact , the ma jo r basis fo r the deve lopment o f studio-based teaching, o r ig ina l l y at R P I , w a s the 
fact that the mo re exper ienced facu l ty real ised that there mus t be a better w a y o f teaching science 
and engineer ing. L i t t l e theoret ic a! basis fo r the me thodo logy was apparent i n the ear ly papers b y 
W i l s o n (1994) , fo r example. The in t roduc t ion o f s tudio teaching at C i t y U was also based on a 'gu t 
f ee l i ng ' by those i n v o l v e d that this was the w a y to go, as far as i m p r o v i n g the student learn ing 
experience was concerned. A g a i n , l i t t le or no theoret ica l basis was g i ven i n any o f the p lans or 
proposals. 
However , a decade or so has passed since then, and du r i ng that t ime a number o f studies have 
been pub l ished that consider engineer ing students i n part icular. M u c h o f this has been car r ied out 
by Felder and h is col leagues, as ment ioned in the prev ious sect ion, based on the w o r k by Lawrence 
at F lo r ida State Un ivers i t y , Gainesv i l le . The f o l l o w i n g sect ion looks at th is in some detai l , 
5.3.2 Learning Styles 
A l t h o u g h m a n y studies have been carr ied out over the past f ew decades on d i f fe ren t learn ing 
styles and the i r corre la t ion w i t h personal i ty types, l i t t le had been pub l ished w i t h speci f ic reference 
to d ivers i ty among engineer ing students un t i l the semina l w o r k car r ied out b y Felder and his 
associates (1998) at N o r t h Caro l ina State Un ivers i ty . M u c h o f this was based upon w o r k o r ig ina l l y 
pub l i shed by Lawrence at Un i ve rs i t y o f F lo r ida (1982， 1984) in to personal i ty t y p i n g . T h e b r i e f 
synopsis o f the subject g i ven be low re l i es heav i l y on these t w o sources, especial ly a rev iew paper 
pub l ished b y Felder and B ren t (2005) . B y s tudy ing the d ivers i t y o f learn ing styles o f educat ion, 
especially in the engineering programme, i t may be possible to derive an explanat ion for the d i f ferent 
reactions students have to studio-based teaching. 
Felder and Bren t (2005) opine that i f i t is pointless to consider ta i lo r ing instruct ion to each i n d m d u a l 
student, i t is equal ly m i sgu ided to imag ine that a s ing le one-s ize- f í ts-a l l approach to teach ing and 
meet the needs o f every student. 
"Un fo r tuna te l y , a s ingle approach has domina ted engineer ing educat ion since its 
incep t ion : the professor lectures and the students at tempt to absorb the lecture 
content and reproduce i t i n examinat ions. Tha t par t icu lar size fits a lmost nobody : 
i t v io lates v i r t u a l l y every p r inc ip le o f e f fec t ive ins t ruc t ion establ ished by m o d e m 
cogn i t i ve science and educat ional psycho logy (Brans fo rd et al.， 2000 ; B iggs , 
2003 ; M c K e a c h i e , 2002 ; Ramsden, 2003) . A n y other approach that targets on l y 
one type o f student w o u l d p robab ly be more e f fec t ive , bu t i t w o u l d s t i l l f a i l t o 
address the needs o f most students. I t f o l l ows that i f comple te ly i nd iv idua l i sed 
ins t ruc t ion is imprac t i ca l and one-s ize- f i ts-a l l is ine f fec t ive fo r most students, a 
more ba lanced approach that attempts to accommodate the diverse needs o f the 
students i n a class at least some o f the t i m e is the best an inst ructor can d o " . 
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A c c o r d i n g to Keefe ( 1979), l eamü ig styles are "character ist ic cogn i t i ve , a f fec t ive , and psycho log ica l 
behav iou rs that serve as re la t i ve l y stable ind ica tors o f h o w learners pe rce ive , in teract w i t h , and 
respond to the lea rn ing e n v i r o i u n e n t " . 
' T h e concept o f learn ing styles has been app l ied to a w i d e va r i e t y o f รณdent 
a t t r ibu tes and d i f f e rences . Some students are c o m f o r t a b l e w i t h theor ies and 
abstract ions; others feel m u c h more at home w i t h facts and obseivable phenomena; 
some pre fer act ive lea rn ing and others lean t o w a r d i n t rospec t i on ; some pre fer 
v i sua l presentat ion o f i n f o r m a t i o n and others pre fer ve rba l exp lanat ions . One 
lea rn ing sty le is ne i ther p re ferab le n o r i n f e r i o r to another, bu t is s i m p l y d i f fe ren t , 
w i t h d i f fe ren t character ist ic strengths and weaknesses. A goa l o f ins t ruc t ion shou ld 
be to equ ip students w i t h the sk i l l s associated w i t h every l ea rn i ng s ty le category, 
regardless o f the students ' persona l preferences, s ince they w i l l need a l l o f those 
sk i l l s to f u n c t i o n e f f ec t i ve l y as p ro fess iona ls . " (Fe lder and B r ฒ t , 2 0 0 5 ) . 
Severa l dozen learn ing sty le mode ls have been deve loped, five o f w h i c h have been the subject o f 
studies i n the eng ineer ing educat ion l i terature. The best k n o w n o f these mode l s is Jung 's T h e o r y o f 
Psycho log i ca l Type as operat iona l ised b y the M y e r ร - B r i g g s Type I n d i c a t o r ( M B T I ) . A s Felder 
states, " s t r i c t l y speak ing , the M B T I assesses persona l i t y types, but M B T I p ro f i l es are k n o w n t o 
have s t rong l e a r n ๒ g sty le imp l i ca t i ons (Felder, 1996; Lawrence , 1993; Pi t tenger, 1993) . Th i s 
i n s t m m e n t was the basis fo r a m u l t i c a m p u s รณdy o f eng ineer ing students i n the 1970ร and 1980ร 
and a n u m b e r o f other eng ineer ing- re la ted studies since then ( M c C a u l l e y , 1976; Y o k o m o t o et a l , 
1982; Fe lder et a l , 2002) . Other mode ls that have been app l ied ex tens ive ly to eng ineer ing are those 
o f K o l b (St ice , 1987; Felder , 1996)， and Fe lder and S i l ve rman (Fe lder et a l , 1988; Felder ; 1993; 
Rosat i et a l , 1995; ร һ а ф , 2003 ) . T w o other mode l s that have been used i n eng ineer ing are those 
o f H e m n a m (Felder, 1996; He r rmann , 1989) and D u n n and D u n n ( D u m e t a i , 1989) " . A s re la t ive ly 
l i t t l e assessment has been p e r f o r m e d o n the app l i cab i l i t y o f the lat ter t w o mode l s to ins t ruc t iona l 
des ign i n eng ineer ing , o n l y the first three are cons idered here fur ther . A c c o r d i n g t o C o f f i e l d et al 
( 2004 ) , Fe lder and S i l ve rman 's m o d e l is c lose ly re la ted to those o f K o l b ( 1984 ) , H e r r m a n n (1989) , 
H o n e y and M u m f o r d (2000 ) , amongs t others. C o f f i e l d c lassi f ies these mode ls as be ing i n the 
' f a m i l y ' o f flexible, stable, l ea rn ing preferences. 
S ta r t ing w i t h the M B T I - one o f the m o s t w i d e l y used mode ls , peop le are c lass i f ied accord ing to 
the i r preferences on f ou r scales de r i ved from Jung 's T h e o r y o f Psycho log i ca l Types (Lawrence , 
1993): 
• extraverts ( t r y th ings out , focus on the outer w o r l d o f peop le ) or introvet-ts 
( t h i n k th ings t h rough , focus on the inner w o r l d o f ideas). 
• sensors (p rac t ica l , de ta i l -o r ien ted , focus on facts and procedures) o r intuitors 
( imag ina t i ve , concept -or iented, focus on meanings and poss ib i l i t ies ) . 
• thinkers (scept ica l , tend to m a k e decis ions based on log ic and m i e s ) o r f e e l e r s 
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( a p p r e c i a t i v e , t e n d to m a k e dec i s i ons based on pe rsona l and h u m a n i s t i c 
considerat ions). 
• judgers (set and f o l l o w agendas, seek closure even w i t h incomple te data) or 
perceivers (adapt to changing c i rcumstances, postpone reaching c losure to obta in 
mo re data) . 
Lawrence (1993) characterises the preferences, strengths, and weaknesses o f each o f the 16 
M B T l types i n m a n y areas o f student ftinctioning and of fers numerous suggestions fo r addressing 
the learn ing needs o f students o f a l l types^. 
A number o f studies have been carr ied out to determine the app l icab i l i t y ง f M B T I to engineer ing 
students ( M c C a u l l e y et a l , 1983; Gode lsk i , ( 1984 ) ; M c C a u l l e y et a l , (1985) ; Rosat i , (1993) ; Rosat i 
(199^^ I n one such study. Felder, Felder and D ie t z (2002) carr ied out a l ong iณd ina l s tudy b y 
admin is te r ing the M B T l to a group o f 116 students tak ing the in t roduc tory chemica l engineer ing 
course at N o r t h Caro l ina State Un ivers i ty . Tha t course, and four subsequent chemica l engineer ing 
courses, were taught in a manner tìiat emphasised act ive and cooperat ive learn ing. Type dif ferences 
i n var ious academic per formance measures and at t iณdes were no ted as the students progressed 
th rough the cu r r i cu l um . The results were remarkab ly consistent w i t h expectat ions based on type 
theory: 
• Intuitors pe r f o rmed s ign i f i can t ly better than sensors i n courses w i t h a h i g h 
leve l o f abstract content, and the converse was observed i n courses o f a more 
p rac t i ca l nature. Thinkers cons is tent ly ou tpe r fo rmed feelers i n the re la t i ve l y 
impersona l env i ronment o f the engineer ing cu r r i cu l um, and feelers were more 
l i k e l y to drop out o f the cu r r i cu l um even i f they we re do ing w e l l academical ly . 
Faced w i t h the heavy t ime demands o f the cu r r i cu l um and the cor responding 
need t o manage their t ime c^rtfงllyjudgers consistent ly ou ţ»er formed perceivers. 
• Extf'overts reacted more pos i t i ve ly than in t rover ts w h e n first con f ron ted w i t h 
the requ i rement that they w o r k i n groups on h o m e w o r k . ( B y the end o f the study, 
bo th groups a lmost unan imous ly favoured group w o r k . ) 
• The balanced instruct ion p rov ided i n the exper imental course sequence appeared 
to reduce or e l im ina te the per fo rmance d i f ferences p rev ious ly no ted be tween 
sensors and iniuitors and between extroverts and inU-overts. 
2 1 attended a wo rkshop led b y Lawrence i n F lo r ida in 2004. A t the beg inn ing o f th is he asked a 
number o f quest ions to detemi ine h o w w e learned th ings , and h o w w e responded to learn ing. 
A c c o r d i n g to M B T I w e shou ld have d i v i ded ourselves in to 16 neat groups. Howeve r , at least h a l f 
o f the w o r k s h o p attendees had great d i f f i cu l t y answer ing the questions w i t h any certainty - on 
m a n y occasions w e cou ld have answered either way, w i t h some questions e l i c i t i ng the answer 
' b o t h ' ！ ！ I t was clear at the end o f the session that the 16 groups referred to w i t h some certainty by 
those app ly ing the M B T I are in fact rather f u z z y ! ! Th is does go someway to emp i r i ca l l y p rov i ng 
the points that C o f f i e l d et al (2004) make in the i r book , w h i c h is referred to later. 
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• Intuitors were three t imes more l i k e l y than sensors to g ive themselves top 
rat ings fo r creat ive p rob lem-so lv ing ab i l i t y and to place a h i g h value on do ing 
creat ive w o r k i n the i r careers. 
• The ma jo r i t y o f sensors in tended to w o r k as engineers in large софОгаЇІопз, 
w h i l e a m u c h h igher percentage o f intititors p lanned to w o r k for smal l compan i es 
or to go to graduate school and w o r k in research. Feelers p laced a higher va lue 
on do ing soc ia l l y impor tan t or benef ic ia l w o r k in thei r careers than thinkers d i d . 
(Felder and Bren t , 2005) 
I n K o l b ' s m o d e l , students are c lassi f ied as h a v i n g a preference fo r (a) concrete experience Of-
abstract conceptualisation ( h o w they take i n f o r m a t i o n i n ) and (b) ？iCtive experimentation or 
reflective observation ( h o w they process i n fo rma t i on ) (St ice, 1987; K o l b , 1984). The fou r types 
o f learners in th is c lass i f icat ion scheme are: 
• Type I (concrete, reflective)——the diverger. Type 1 learners respond w e l l to 
explanat ions o f h o w course mater ia l relates to the i r exper ience, interests, and 
foture careers. The i r characterist ic quest ion is ''พһуТ' To be ef fect ive w i t h Type 
1 students, the inst ructor shou ld func t ion as a motivator. 
• Type 2 (abstract , r e f l e c t i v e ) — t h e assimilator. Type 2 learners respond to 
i n fo rma t ion presented i n an organised, log ica l fashion and benef i t i f they are g i ven 
t ime fo r re f lec t ion . The i r characterist ic quest ion is "พΙιαΐΤ To be ef fect ive, the 
inst ructor shou ld ftinction as an expert, 
• Type 3 (abstract, a c t i v e ) ― t h e converger. Type 3 learners respond to h a v i n g 
oppor tun i t ies to w o r k ac t ive ly on w e l l de f ined tasks and to learn b y t r ia l -and-error 
i n an env i ronmen t that a l lows them to fa i l safely. The i r characterist ic quest ion is 
''How?'' To be ef fec t ive , the instructor shou ld f unc t i on as a coach, p r o v i d i n g 
gu ided pract ice and feedback in the methods be ing taught . 
• Type 4 (concrete, ac t i ve)֊the accommodator. Type 4 learners l i ke app ly ing 
course ma te r ia l i n new situat ions to solve rea l p rob lems. The i r characterist ic 
quest ion is '''^พhat if τ To be ef fect ive, the inst ructor shou ld pose open-ended 
questions and then get out o f the way, m a x i m i s i n g opportuni t ies for the รณdents to 
d iscover th ings for themselves. Prob lem-based learn ing is an ideal pedagogica l 
strategy fo r these students. (Felder and Bren t , 2005) 
Trad i t iona l science and engineer ing ins t ruct ion focuses a lmost exc lus ive ly on lec tu r ing , a style 
comfor tab le for on l y Type 2 learners. E f fec t i ve ins t ruc t ion invo lves teaching around the cycle -
mot i va t i ng each n e w top ic (Type 1 )， presenting the basic i n fo rmat ion and methods associated w i t h 
the topic (Type 2)， p r o v i d i n g opportuni t ies fo r pract ice i n the methods (Type 3 ) , and encourag ing 
exp lora t ion o f appl icat ions (Type 4 ) , 
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A c c o r d i n g to a mode l deve loped by Felder and S i l ve rman (1988) and Felder (1993) , a student's 
learn ing style m a y be de f ined b y the answers to four quest ions: 
• W h a t type o f i n f o rma t i on does the รณdent p re ferent ia l l y perceive: sensory 
(s ights, sounds, phys ica l sensations) or intuitive (memor ies , thoughts , insights)? 
Sensing learners tend to be concrete, pract ica l , me thod i ca l , and or iented t o w a r d 
facts and hands-on procedures. In tu i t i ve learners are mcvre comfor tab le w i t h 
abstractions ( theor ies, mathemat ica l mode ls ) and are more l i ke l y to be rap id and 
innovat ive p r o b l e m solvers (Felder, 1989). Th i s scale is ident ica l to the sensing-
in tu i t i ve scale o f the Mye rs -B r i ggs Type Indicator . 
• Wha t type o f sensory i n fo rma t ion is most e f fec t i ve ly perceived: visual (pictures, 
d i a g r a m s , flow c h a r t s , d e m o n s t r a t i o n s ) o r verbal ( w r i t t e n a n d s p o k e n 
explanations)? 
• H o w does the s tudent p re fe r to process i n f o r m a t i o n : actively ( t h r o u g h 
e n g a g e m e n t i n p h y s i c a l a c t i v i t y o r d i s c u s s i o n ) or reflectively ( t h r o u g h 
int rospect ion)? Th i s scale is ident ica l to the act ive- re f lec t ive scale o f the K o l b 
mode l and is re la ted to the ext raver t - in t rover t scale o f the M B T l . 
• H o w does the student charac te r i s t i ca l l y progress t o w a r d unders tand ing : 
sequentially ( i n a log ica l progress ion o f incrementa l steps) or globally ( in large 
" b i g p i сШге " j u m p s ) ? Sequent ial learners tend to t h i n k i n a l inear manner and are 
able to func t ion w i t h on l y par t ia l understanding o f mater ia l they have been taught. 
G loba l learners t h i nk i n a systems-oriented manner, and may have t rouble apply ing 
new mater ia l u n t i l they f u l l y understand i t and see h o w i t relates to mater ia l they 
already k n o w about and understand. Once they grasp the b i g p ic ture , however , 
their ho l is t ic perspect ive enables them to see innovat ive solut ions to problems that 
sequential learners m i g h t take m u c h longer to reach, i f they get there at a l l (Felder, 
1990). 
5-3-3 Approaches to learning and orientation to studying 
Entwh is t le (1998) is o f the op in i on that students may be inc l i ned to approach their courses i n one 
o f three ways . Those w i t h a reproducwg orientation t end to take a surface approach t o lea rn ing , 
re l y i ng on rote memor i sa t i on and mechanica l f o rmu la subst iณt ion and mak ing l i t t le or no e f for t to 
understand the mater ia l be ing taught . Those w i t h a meaning orientation t end to adopt a deep 
approach, p rob ing and quest ion ing and exp lor ing the l im i t s o f app l i cab i l i t y o f n e w mater ia l . Those 
w i t h an achieving orientation tend t o use a strategic approach, do ing whatever is necessary to 
get the highest grade they can, t ak ing a surface approach i f that suf f ices and a deep approach 
w h e n necessary. A goa l o f ins t ruc t ion shou ld be to induce students to adopt a deep approach to 
subjects that are impor tan t for the i r professional or personal development . 
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Ramsden (2003) and En twh is t le ( i b id ) conc lude tha i a student may adopt d i f fe ren t approaches to 
learn ing i n d i f fe ren t courses and even fo r d i f fe ren t topics w i t h i n a s ingle course. A n orientation 
to studying is a tendency to adopt one o f the approaches in a b road range o f s i tuat ions and 
learn ing env i ronments . Students w h o hab i tua l l y adopt a surface approach have a reproducing 
orientation: those w h o usual ly adopt a deep approach have a meaning orientation; and those 
inc l ined to take a strategic approach have an achieving orientation. 
Felder and Brent (2005) quote a number o f studies that used the Lancaster Approaches to Study ing 
Quest ionnaire ( L A S Q ) as descr ibed by Ramsden (1983). Th is is a is a s i x ty - fou r - i tem questionnaire 
that invo lves twe l ve subscales re levant to the three or ientat ions and four add i t iona l subscales. 
Three studies are quoted: 
"Woods et a l . (2000) repor t on a study i n w h i c h one o f the short f o rms o f the 
L A S Q was admin is tered to 1,387 engineer ing students. The strongest i nc l i na t i on 
o f the students was tOAvard a strategic approach, f o l l o w e d i n order b y a surface 
approach and a deep approach. B e l t r a n d and Knapper (1991 ) report L A S Q results 
f o r students i n other d isc ip l ines. Chemis t ry and psycho logy students w e n t f r o m a 
preference f o r strategic learn ing i n the i r second year to a preference fo r deep 
learning in Iheir fourth year, w i t h both groups displaymg consistently l o w incl inations 
t o w a r d a surface approach. 
Ber t rand and Knapper (1991) also repor t on three groups o f students i n t w o 
mu l t i d i sc ip l i na ry cur r icu la—students i n the second and fou r th years o f a pro jec t -
based env i ronmenta l resource studies progranune and รณdents i n a problem-based 
p rog ramme on the impac t o f new mater ia ls. A l l three groups showed re la t i ve ly 
strong inc l i r ia t io i is t o w a r d a deep approach. There was l i t t le d i f fe rence i n the 
pro f i les o f the second- and four th-year students, suggest ing that the results m i g h t 
re f lect the or ientat ions o f the students select ing in to the p rogrammes more than 
the in f luence o f the p rog rammes" . 
There are s imi la r i t ies between or ientat ions t o s tudy ing and learn ing styles. A s Felder and Bren t 
( i b id ) state, " B o t h represent tendencies that are s i tuat ion a l ly dependent, as opposed to fixed traits 
l i ke gender or handedness that a lways characterise an i nd i v idua l . Just as a student w h o is a strong 
in tu i to r m a y fimction l i ke a sensor in cer ta in si tuat ions and v ice versa, a student w i t h a pronounced 
mean ing or ienta t ion m a y under some ci rcumstances adopt a surface approach to learn ing, and a 
s t rong ly rep roduc ing รณdent m a y somet imes be mot i va ted to d i g deep. S im i la r l y , j u s t as students 
m a y be reasonably ba lanced i n a l ea rn ing sty le pre ference, f r equen t l y f unc t i oท ing i n w a y s 
character ist ic of , say, bo th sensors and in tu i to rs , some students may be ahnost equal ly l i k e l y to 
adopt deep and surface approaches i n d i f fe ren t courses and poss ib ly w i t h i n a g i v e n course" . 
They also repor t three studies that assessed student approaches to learn ing and correlated the 
results to var ious learn ing outcomes. F i rs t , Ramsden (2003) cites studies where students w h o 
took a deep approach to reading created comprehensive and integrated summar ies o f mater ia l 
105 
they had read, in terpret ing the i n f o r m a t i o n rather than s i m p l y repeat ing i t , w h i l e those w h o took a 
surface approach were more l i k e l y to reci te fragments o f the read ing content a lmost randomly . 
T h e deep approach also led to longer retent ion o f i n f o r m a t i o n - presumably because the in fo rmat ion 
was learned i n context rather than b y rote memor isa t ion - and to consistent ly h igher grades on 
examinat ions and i n courses. 
Fe lder and Brent (2005) also c i te Presser and M i l l a r (1989^ w h o examined f i rs t -year physics 
students ' understanding o f force concepts before and after thei r i n t roduc to ry mechanics course. 
E i g h t out o f n ine students w h o t o o k a deep approach and on ly t w o o f twenty- th ree w h o used a 
surface approach showed s ign i f i can t progress i n understanding force concepts, m o v i n g away 
from Ar i s to t l e and toward N e w t o n . T h e y also c i te M e y e r et a l . (1990) , w h o found that engineer ing 
students w h o adopted a deep approach i n a course were ve ry l i k e l y to pass the course ( i n fact , 
none o f the i r subjects i n th is category fa i led) , w h i l e students w h o adopted a surface approach 
w e r e ve ry l i k e l y to f a i l . The students w h o adopted a deep approach also genera l ly expressed 
greater sat isfact ion w i t h the i r ins t ruc t ion . 
H o w does a teacher mo t i va te a deep approach to learning? Felder and Bren t (2005) suggest that 
the approach a รณdent m i g h t adopt i n a par t icu lar s i tuat ion depends on a comp lex array o f factors. 
Some are intr insic to the student (e.g., possession o f prei equisite knowledge and ski l ls and mot iva t ion 
t o learn the subject) , w h i l e others are de termined more b y the ins t ruc t iona l env i ronment (e.g., the 
content and c lar i ty o f the ins t ruc tor 's expectat ions and the nature and qua l i t y o f the ins t ruct ion and 
assessment). 
They cite B iggs (2003) as propos ing that achieving desired learn ing outcomes requires constructive 
alignment o f the elements j us t l i s ted . Alignment means that the factors under the inst ructor 's 
con t ro l are a l l consistent w i t h the goa l : the desired outcomes are c lear ly commun ica ted to the 
รณdents as expectat ions, ins t ruc t iona l methods k n o w n to favour the outcomes are emp loyed and 
methods that w o r k against t h e m are avo ided, and learn ing assessments ( homework , pro jects, 
tests, etc.) are exp l i c i t l y d i rected t o w a r d the outcomes. Constructive means that the ins t ruc t iona l 
design adheres to the p r inc ip le o f cons t ruc t iv ism, w h i c h ho lds that know ledge is constructed by the 
learner, as opposed to be ing s i m p l y t ransmi t ted by a teacher and absorbed. They cont inue: 
"Wel l -es tab l ished ins t ruc t iona l strategies can be used to achieve these condi t ions. 
Induc t i ve teach ing methods such as problem-based and project-based learning 
can mot iva te students b y he lp ing to make the subject mat ter re levant to their p r io r 
experience and interests and they also emphasise conceptual understanding and 
de-emphasise rote memor isa t ion . A n excel lent w a y to m a k e expectat ions clear is 
to art iculate them i n the f o r m o f instruct ional objectives - statements o f observable 
actions students shou ld be able to do (def ine, exp la in , calculate, der ive , mode l , 
design) once they have comple ted a section o f a course. 
Several s tudent-centred teach ing approaches accomp l i sh the goa l o f ac t ive ly 
i n v o l v i n g students i n learn ing tasks ， no tab ly active learning (engag ing students 
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in class activi t ies other than l is tening to lectures) and cooperative learning (get t ing 
students to w o r k in smal l teams on pro jects or h o m e w o r k under cond i t ions that 
h o l d a l l team members accountable fo r the learn ing object ives associated w i t h the 
assignment) . T r i g w e l l et a l . ( 1 9 9 8 , 1 9 9 9 ) f ound a pos i t i ve cor re la t ion be tween an 
ins t ruc tor 's use o f such ins t ruc t iona l methods and students' adopt ion o f a deep 
approach to learning'* . 
F ina l l y , most รณdents undergo a deve lopmenta l progression " f r o m a be l i e f i n the cer ta inty o f 
know ledge and the omnisc ience o f author i t ies to an acknow ledgment o f the uncer ta in ty and 
contextua l nature o f know ledge , acceptance o f personal respons ib i l i t y fo r de te rm in ing t ru th , 
inc l ina t ion and ab i l i t y to gather suppor l ing evidence for j udgments , and openness to change i f new 
evidence is f o r t hcom ing . A t the highest deve lopmenta l leve l nonna l l y seen i n col lege students (but 
no t i n many o f them) , ind iv idua ls d isp lay t h i n k i n g patteras resembl ing those o f expert scientists 
and engineers. A goal o f ins t ruc t ion shou ld be to advance รณdents to that leve l b y the t ime they 
graduate" (Fe lder and Bren t , 2005) . 
Fo l l ow ing the general d i rect ion o fFe lder and Brent 's rev iew paper, a number o f models o f intel lectual 
deve lopment w i l l be considered. Perry 's M o d e l o f In te l lectual Deve lopment (Perry, 1988; L o v e 
and Guthr ie , 1999)， is the on ly one that has h a d w idespread appl icat ion i n engineer ing educat ion. 
T h e others are the K ing -K i t chene r M o d e l o f Re f lec t i ve Judgement ( K i n g and K i tchener , 1994, 
2001) , w h i c h is probably the most w i d e l y used and va l idated o f the models outside engineer ing 
educat ion, and Baxter Mago lda 'ร M o d e l o f Ep is temolog ica! Deve lopment (Baxter Mago lda , 1992). 
Be lenky et a l . (1986) suggest that Perry 's m o d e l la rge ly characterises m e n ( i ts f o r m u l a t i o n was 
based a lmost ent i re ly on in terv iews w i t h ma le students) and propose an al ternat ive progress ion o f 
stages in tended to characterise w o m e n ' s deve lopment 
" T h e developmenta l pattern described b y a l l four models has the f o l l o w i n g general 
f o r m . Students at the lowes t levels (Bax te r Mago lda ' ร absolute knowing and 
Perry 's dualism) bel ieve that every in te l lec tua l and mora l quest ion has one correct 
answer and the i r professors (at least the competent ones) k n o w w h a t i t is. A s the 
students con f ron t challenges to thei r b e l i e f systems i n thei r courses and t h o u g h 
interact ions w i t h peers, they gradua l ly come to be l ieve i n the va l i d i t y o f m u l t i p l e 
v i ewpo in t s and concurrent ly decrease thei r re l iance on the w o r d o f author i t ies 
( B a x t e r M a g o l d a ' ร transitional a n d independent knowing a n d P e r r y ' s 
multiplicity). Baxter Mago lda ' ร h ighest leve l , contextual Խowing, w h i c h paral i el ร 
Perry 's contextual relativism ( Leve l 5 ) and the early stages o f commitment in 
the face of uncerta'mty ( Leve l 6 and perhaps L e v e l 7)， is character ised b y final 
re jec t ion o f the not ions o f tbe cer ta in ty o f know ledge and the omnisc ience o f 
author i t ies. Contex tua l knowers take respons ib i l i t y for const ruct ing know ledge 
fo r themselves, re l y ing on bo th ob jec t ive analysis and in tu i t i on and t ak i ng in to 
account (but no t accept ing w i t h o u t quest ion) the ideas o f others whose expert ise 
they acknowledge. They m o v e away from the idea common ly he ld by independent 
knowers ( Leve l 4 on the Perry scale) that a l l op in ions are equal ly v a l i d as l o n g as 
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the r i gh t m e t h o d is used to ar r ive at t hem, and they acknowledge the need to base 
j udgmen ts on the best avai lable evidence w i t h i n the g i ven context , even i n the 
face o f uncer ta in ty and a m b i g u i t y " (Felder and Brent , 2005) . 
T w o ma jo r studies o f in te l lectual deve lopment have been repor ted. Pavel ich 's s tudy (1996) was 
carr ied out to assess the e f fec t on in te l lec tua l deve lopment o f the st rong exper ient ia l learn ing 
env i ronment at the Co lorado School o f M i n e s . The other s tudy b y Wise et a l (2004) was in tended 
to determine the e f fec t o f a first-year pro ject-based design course at Perm State. The รณdies are 
remarkab ly consistent i n the i r assessments o f the i n i t i a l and final average levels o f the subjects. 
" M o s t o f t h e enter ing students were near Perry Leve l 3， only beginn ing to recognise 
that not a l l know ledge is certain and s t i l l r e l y i n g heav i l y on authori t ies as sources 
o f t ru th . The average change after four years o f col lege was one leve l , w i t h mos t 
o f the change occur r ing i n the last year. Ne i the r ins t ruct ional approach me t its 
goa l o f e levat ing a s ign i f icant number o f students to L e v e l 5. A s d iscourag ing as 
these results m i g h t seem, one cou ld speculate that a cu r r i cu l um l ack ing such 
features as the exper ient ia l learn ing env i ronment at M i n e s or the pro ject -based 
f i rs t -year exper ience at Penn State w o u l d lead to even less g r o w t h than was 
observed i n the t w o studies i n ques t ion" ( Fe lder and Brent , 2005) . 
W ise et al . ( i b id ) also repor t Perry rat ings o f e ight ma le engineer ing students and eight female 
engineer ing students w h o comp le ted the first-year pro ject -based design course. 
"There was i n i t i a l l y no appreciable d i f fe rence between the t w o groups i n average 
Perry ra t i ng or SAT scores. A t the end o f t h e first year, the average Perry ra t ing 
Variety and choice of {earning task 
1 , V a r i e d p r o b l e m t y p e s 
2 . V a п e d l evé t s o f a s s i g n m e n t d e f i n i t i o n a n d s t r u c t u r e 
3 , C h o i c e ๐ท a s s i g n m e n t s , t e s t s , a n d g r a d i n g p o l i c i e s 
Explicit com m unicat Խո and oxp/anation of expectations 
I. I n s t r u c t İ o n a ! o b j e c t i v e s c o v e r i n g h l g h - ^ e v e l t a s k s 
2 . S t u d y g u i d e s a n d t e s t s b a s e d o n t h e o b j e c t i v e s 
c . Modeling, р met ice, and constructive feedback on high-/evs/ tasks 
1. A s s i g n m e n t o f r e l e v a n t t a s k s a n d m o d e l i n g o f r e q u i r e d p r o c e d u r e s 
2 . P r a c t i c e In a s s i g n m e n t s followed b y i n c l u s i o n or s t m i r a r t a s k s ๐ท t e s t s ՝ 
. A student-centred instructional environment 
í . I n d u c t i v e l e a r n i n g ( p r o b l e m / p r o j e c t b a s e u l e a r n i n g , g u i d e d i n q u i r y ) 
2 . A c t i v e a n d c o o p e r a t i v e l e a r n i n g 
3 . M e a s u r e s 1๐ d e f u s e r e s i s t a n c e t o s t u d e n t - c e n t r e d i n s t r u c t i o n 
. Respect for studõnis ai a/ / levels of deve/opment 
I. A s e n s e o f c a n n g a b o u t s t u d e n t s 
2 . A w a r e n e s s o f a n d r e s p e c t for c u r r e n t l e v e l s o f d e v e l o p m e n t w h i l e 
_ g r o m o t l n p h i g h e r l e v e l s 
Table 5.4 Ins t ruc t iona l condi t ions that fac i l i ta te in te l lec tua l g row th (Table 4 , from Felder and 
Bren t , 2004) 
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was 3.50 fo r the m e n and 3,16 for the w o m e n ; at the end o f the th i rd year the 
rat ings were 3,50 (men) and 3.00 ( w o m e n ) ; and at the end o f the f ou r th year the 
ra t ings we re 4 .00 (men ) and 4 .50 ( w o m e n ) . N o n e o f the d i f f e rences w e r e 
stat is t ical ly s ign i f icant a l though the d i f ferences for the t h i r d year came close (p = 
0.054) . The lack o f s ign i f icance cou ld be an ar t i fact o f the smal l sample size. To 
the extent that the observed d i f ferences are real , they support the content ions o f 
B e l e n k y et al (1986) and Baxter M a g o l d a (1992) that men and w o m e n exh ib i t 
d i f fe ren t patterns o f deve lopmen t " (Felder and Bren t , i b i d ) . 
Felder and Bren t (2004) propose five ins t ruc t iona l cond i t ions that shou ld p rov ide the balance o f 
challenge and support needed to promote intel lectual g row th and suggest numerous ways to establish 
the cond i t ions . T h e condi t ions are l is ted i n Table 5.4. 
They w r i t e that " m o s t o f the methods suggested are supported by extens ive ly c i ted references on 
teaching and learn ing (Bransford et a l , 2000; B iggs , 2003; Ramsden, 2003; Ch icker ing and Gamson, 
1991 ; Eb le , 1 9 8 8 ; L o w m a n , 1995; Wankat 2002) , and the student-centred approaches o f Cond i t i on 
D have repeatedly been shown to have pos i t i ve effects on a w i d e var ie ty o f learn ing outcomes 
(Hake , 1998; Spr inger et a l , 1998; Johnson et a l , 2000 ; Teremz in i et a l , 2 0 0 1 ; Fagen et a l , 2002) . 
H o w e v e r , u n t i l a researcher imp lemen ts the recommenda t ions and assesses the in te l l ec tua l 
deve lopment o f the subjects ( idea l ly compar ing the i r g r o w t h w i t h that o f a con t ro l g roup that goes 
g r o w t h w i l l r ema in speculat ive" . 
5J.4 Discussion 
The v e r y b r i e f survey o f learn ing styles and t ype indicators above is n o l designed to der ive a 
learn ing m o d e l for the studio based classes. I t is to g ive an idea o f the b road spect rum o f ideas that 
m i g h t g i ve some ind ica t ion o f wha t ' s go ing on i n the studio. I t w o u l d take considerably more 
deta i led analysis, as w e l l as a dedicated research pro jec t t o achieve th is . 
H a v i n g said that, i t may be he lp fu l to t ry and relate some o f th is to the classes that have been 
observed i n some detai l i n th is study at C i t y U . A l t h o u g h n o quant i tat ive data is avai lable to come to 
any conc lus ions, there is c lear ly a l o t o f qua l i ta t ive data, as w e l l as a decade o f observat ion o f h o w 
the classes operate i n pract ice. Th is m a y a l l o w some empi r i ca l conclusions to be d rawn . 
One o f the strengths o f the integrated studio approach is that there is no clear d is t inc t ion between 
lecture, tu tor ia l and lab. The assessment therefore combines a l l aspects o f the teaching methodology. 
Classes that are assessed on lectures on ly w i l l benef i t those w h o can learn i n that env i ronment ; 
and the same goes for tu tor ia ls and labs. Reference to the prev ious sect ion can show c lear ly that 
wha tever m o d e l o f learn ing is used, some students learn better than others in d i f fe ren t teaching 
and learn ing env i ronments. 
I n the s tud io classes i t becomes ve ry clear, especia l ly o f the class is sma l l , and there is l ong t e rm 
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contact between the students and the instrucior , as i n th is study ( i .e. two semesters), that the class 
spl i ts in to fou r d i f fe ren t groups w h e n i t comes t o learn ing. Th is is even not iceable du r i ng the P B L 
sessions w h e n smal l groups are f o r m e d , usua l ly o f t w o students, bu t in pract ice larger as they tend 
t o conglomerate in to groups o f four. 
I t is t rue that some students pay most at tent ion to the f o rma l presentat ion sessions, w h i c h are 
close in nature to lectures. Some students pay close at tent ion and make notes; others l i s ten; and a 
s m a l l group w i l l be do ing someth ing no t connected w i t h the class - jus t l i ke behav iour i n no rma l 
lecture classes. 
I n the penc i l and paper tutor ia ls , again, some start w o r k immedia te ly , some take a l ong t i m e to get 
started, and others j us t stare at a b lank sheet o f paper and w a i t fo r me to w o r k th rough the answer 
w h i c h they then copy d o w n . Smal l g roup in teract ion is encouraged dur ing tutor ia ls , bu t some s t i l l 
do no t take part . 
D u r i n g the in teract ive tutor ia ls that are part o f the E D E C courseware, most o f the class w i l l take 
par t , usua l ly w o r k i n g i n sma l l groups d iscussing the p rob lem. A g a i n , a f e w w i l l no t par t ic ipate. 
I n the prob lem-based exper imenta l w o r k and s imula t ions carr ied out i n groups o f t w o (or f ou r ! ) 
v i r t u a l l y a l l take part, a l though w o r k m a y be spread amongst the members o f the group. A g a i n , 
there are a f e w h o w jus t seem to go a long for the ride and copy wha t others have done. 
Thus d i f fe ren t patteras o f learn ing can be d iscerned from the assessment marks . Some w h o do 
w e l l i n the h o m e w o r k may do bad ly i n the quizzes and tests (copy ing??) and v i ce versa. For 
a round 2 0 % o f the class there is some discrepancy between the final examina t ion marks and the 
coursework marks . A n d w i t h i n the coursework marks there is a lways some discrepancy between 
the homework / tes ts and project w o r k reports / lab logs. A s ment ioned earl ier, no analyses o f these 
di f ferences has been carr ied out , and m a y be a f r u i t f u l l i ne o f research at a later date. A l s o , i t 
shou ld be no ted that a l l the observat ions above are emp i r i ca l . 
Howeve r , i t is clear f r o m the overa l l assessment o f the class, and the l o w e r i n g fa i lu re rate since 
the f u l l s tudio imp lementa t ion has been avai lab le, that a l l types o f learner are be ing catered for. A s 
an example, consider th is response from a female student i n one o f the feedback fo rms : 
"7 didn 'i get anything fi'om the classes but learned everything from books ". 
N o n n a l l y , th is cou ld be taken as a c r i t i c i sm o f the course; however , i n th is case i t is taken as an 
example o f h o w even those w h o do no t c l a im to benef i t from the รณdio env i ronment s t i l l have 
enough ' l ea rn ing space' to succeed, as she d id . 
So h o w is i t possib le to make some sense from a l l o f this? C o f f i e l d et a l (2004) do a good j o b i n 
de f la t ing some o f the c la ims made by the proponents o f var ious models o f learn ing styles. O n the 
other hand, they do agree that some o f the c la ims do stand after rigorous analysis. 
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For example, C o f f i e l d et al are very scathing about some o f the w o r k o f Felder and Lawrence , 
b o t h quoted extensively above (Sect ion 5.3.2). 
"Fe lder has w r i t t en art icles on the relevance o f learn ing styles to the teaching o f 
science to adults. A f t e r examin ing four d i f fe rent models - the Mye rร -B r i ggs Type 
I nd i ca to r , K o l b ' s L e a r n i n g Sty le I n v e n t o r y , H e r r m a n n ' s B r a i n D o m i n a n c e 
Instrument and h is o w n Felder-Si lverman i ns t r umen t -he concludes (1996): ' W l i i c h 
mode l educators choose is a lmost immate r i a l , since the ins t ruc t iona l approaches 
that teach around the cyc le fo r each o f the models are essent ia l ly i den t i ca l ' . W e 
disagree st rongly : i t matters w h i c h mode l is used and w e have serious reservations 
about the learn ing cyc le " . 
T h e y also go on to commen t on the w o r k o f Lawrence : 
" F o r other commentators , the absence o f sound evidence prov ides no barr ier to 
basing their arguments on ei ther anecdotal evidence or ' i m p l i c i t ' suggestions i n 
the research. Lawrence (1997) , fo r instance, does exact ly that w h e n discussing 
the ' d e t r i m e n t a l ' ef fects o f m i s m a t c h i n g teach ing and lea rn ing sty les. M o r e 
general ly , the adv ice o f fe red to pract i t ioners is too vague and unspec i f ic to be 
h e l p f u l ; fo r example , ' restructure the c lassroom env i ronment to make i t more 
inc lus ive rather than exc lus i ve " ' . 
Implications for pedagogy 
However , C o f f i e l d et al are compHmentary about some o f the w o r k o f E n t w i s t l e (1990， 1988) ， also 
quo ted above (Sect ion 5.3.2), as w e l l as Ve rmun t (1996) , They op ine that they have shown that 
at tent ion needs to be g i ven no t on ly to i nd i v i dua l d i f ferences i n learners, bu t to the who le teaching 
- learn ing envi ronment . 
" B o t h have demons t ra ted tha t w h i l e the m o t i v a t i o n s , se l f - represen ta t ions , 
metacogn i t i ve and cogn i t i ve strengths and weaknesses o f learners are al l key 
features o f the i r learn ing sty le, these are also a func t ion o f the systems in w h i c h 
learners operate. A central goa l o f thei r research is to ensure that lecturers can 
relate concepts o f learning to the specif ic condit ions in w h i c h they and their students 
w o r k - that is, i t is the w h o l e learn ing m i l i e u that needs to be changed and no t j us t 
the leara^^ preferences o f i nd i v i dua l s " . 
I t is the ob jec t ive o f th is thesis to p rove that studio teaching does j us t that, and that i t is successful 
i n do ing so. 
C o f f i e l d et al also quote the w o r k o f Hat t ie (1999) w h o carr ied out a meta-analysis o f educat ional 
in tervent ions. Th i s indicates that the e f fec t sizes fo r d i f fe ren t types o f in te rvent ion are as shown 
i n Table 5.5. 
A c c o r d i n g to C o f f i e l d et a l , " i t seems sensible to concentrate l i m i t e d resources and s ta f f ef for ts on 
those in tervent ions that have the largest ef fect sizes. Hat t ie 'ร w o r k w o u l d seem to indicate that 
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In tervent ion Effe et size 
Re๒^^ 1.13 
Student's pnor cognitive ability 1.00 
Instmctional quality 1.04 
Direct intervention 0.82 
Student's disposition to learn 0.61 
Class environment 0.56 
Peer tutoring 0.50™" 
Parental involvement 0.46 
Teacher style 0.42™" 
Affective attributes of students 0.24 
individualisation 0.14 
Behavounal ob jec t i f s 0.12 
Team teaching 0.06 
Table 5.5 Ef fec t sizes fo r d i f fe rent types o f in tervent ion ( f r o m Hat t ie (1999) quoted by 
C o f f i e l d et al (2004)) 
the highest ef fect size is from re in forcement , f o l l o w e d b y รณdent 's p r i o r cogn i t i ve abi l i ty . I t cou ld 
be argued that i n the teaching s tud io the env i ronment , peer t u to r i ng and qua l i t y o f ins t ruc t ion and 
teach ing s iy le are impor tan t factors. F r o m the data presented i n Chapter 3 i t appears that the 
e f fec t size o f studio teaching o f 0.4 is consistent w i t h those in tervent ions d i rec t ly re la ted to the 
methodo logy , such as peer t u to r i ng and class env i ronment . 
One last po in t , a long the t ra in o f t hough t ra ised by C o f f i e l d et a l , is o f the cu l tura l d i f ferences 
be tween H o n g K o n g st-udents and those i n N A m e r i c a and lhe U K where most o f the studies on 
learn ing styles have been carr ied out. A l t h o u g h not d i rec t ly re lated to learn ing styles, Bradbeer et 
a l (2004) show that student eva luat ion o f teachers is somewhat dependent on cu l tura l assumptions 
and that condus ions d r a w n f r o m studies carr ied out in the N A m e r i c a or Europe cannot a lways be 
d i rec t ly app l ied to d i f ferent , especia l ly non-Western cultures. 
C o f f i e l d quotes Reynolds ( 1997)， w h o cr i t ic ised the research t rad i t ion in to learning styles "no t on ly 
f o r p roduc ing an ind iv idua l i sed , decontextual ised concept o f learn ing , bu t also fo r a depo l i t i c ised 
t reatment o f the di f ferences be tween learners w h i c h stem from socia l class, race and gender. I n 
h is o w n words , ' the very concept o f learn ing style obscures the socia l bases o f d i f ference expressed 
i n the way people approach learn ing . . . l abe l l i ng is no t a d is interested process, even though social 
d i f ferences are made to seem reduc ib le to psychomet r ic techn ica l i t i es ' . " . C o f f i e l d cont inues: 
" T h e m a i n charge here is that the soc io-economic and the cu l tura l context o f 
students ' l ives and o f the inst i tu t ions where they seek to learn tend to be omi t ted 
f r o m the learn ing styles l i terature. Learners are not a l l a l ike , nor are they a l l 
suspended in cyberspace v i a distance learn ing , nor do they l i ve out the i r l i ves i n 
psycholog ica l laborator ies. Instead, they l i ve i n par t icu lar socio-economic settings 
where age, gender, race and class a l l interact to in f luence their att itudes to learning. 
Moreover , thei r socia l l i ves w i t h thei r partners and f r iends, the i r f a m i l y l ives w i t h 
their parents and s ib l ings, and their economic l ives w i t h thei r employers and f e l l ow 
workers in f luence the i r learn ing i n s ign i f i cant ways. A l l these factors tend to be 
p layed d o w n or s i m p l y i gno red i n mos t o f t h e learn ing styles l i te ra ture" . 
H o w m u c h more so w h e n cons ider ing the cu l tura l and social contex t h a l f a w o r l d away! 
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Chapte r 6 
Conclusions 
6.1 I n t r o d u c t i o n 
T h e i n i t i a l aira I 
cant educa t iona l d i f ference be tween students taught іฑ the t rad i t i ona l marmer or b y us ing newer 
me thodo log ies , i n th is case the Integi՝ated Studio Teaching approach. T h e basic research m e t h o d o l ­
o g y was to , first, establ ish that t w o groups o f students f o l l o w i n g the same course were equiva lent , 
t hen teach each o f the groups u s i n g d i f fe ren t methodo log ies , w h i l s t us ing the same assessment 
procedures. F ina l l y , these assessments were analysed to establ ish whe the r any d i f ferences existed. 
I f there we re educat iona l ly s ign i f i can t d i f ferences then th is was exp la ined w i t h reference to results 
from s im i l a r studies e lsewhere, as w e l l as some cons idera t ion o f the poss ib le learn ing sty le d i f fer ­
ences be tween the groups. The results we re to be in terpreted i n con junc t i on w i t h feedback f r o m the 
students o n the i r att i tudes and responses to the studio teach ing approach. 
6.2 O v e r v i e w o f the thesis 
I n Chapter 1 the h is to r i ca l contex t i n w h i c h studio teach ing evo l ved w a s discussed. I t was seen as 
an ex tens ion o n the w o r k car r ied ou t i n to co-opera t ive and co l labora t i ve learn ing i n the 70ร and 
80ร , i t se l f based u p o n the p ionee r i ng w o r k o f D e w e y i n the 1920ร, A b e r c r o m b i e i n the 1960ร and 
others. A t the same t i m e the ๒ f l u e n c e o f Piaget was also discussed. T h i s l ed t o the w o r k o f Papert, 
w h o w i t h h is at tempts at m teg ra t i ng the enab l ing techno logy o f computers w i t h P iageťs t heo ry o f 
l ea rn ing w e r e to have a st rong i n f l uence o n the w o r k repor ted i n th is thesis. 
T h e c o n t i n u i n g deve lopment o f research i n to co l labora t ive and co-operat ive lea rn ing in the 1970ร 
and 1980ร l e d to f a i r l y w e l l establ ished methodo log ies fo r measu r ing the ef fect iveness o f the 
pedagogies. A l t h o u g h t w o schools o f t hough t emerged as to whe the r co l labora t i ve o r co-operat ive 
l ea rn ing was the bet ter strategy, i n prac t ice m o s t teachers p r o b a b l y used a т і х Ш г е o f bo th , and i t is 
one o f the assximptionร o f th is thesis tha t b o t h take p lace i n the teach ing studio, so m u c h so that i n 
the la ter parts o f the thesis the t w o te rms become fau ' ly in terchangeable. 
T h e i n i t i a l chapter t hen looks at the i n t r oduc t i on o f s tudio teach ing i n the U S A and H o n g K o n g , 
espec ia l ly at Rermselaer Po ly techn ic Ins t i tu te , and C i t y U n i v e r s i t y o f H o n g K o n g . A l t h o u g h i n i ­
t i a l l y a concept based u p o n emp i r i ca l observa t ion b y a n u m b e r o f l ong -se rv ing educators i n sc i ­
ence and eng ineer ing , th is chapter is an a t tempt to p lace those concepts in to the h is to r ica l context , 
and con t i nu i ng evo lu t i on o f the educat iona l theory o f smal l g roup learn ing . Examp les o f the i m ­
p lemen ta t i on o f s tudio teach ing at C i t y U is g i v e n , w i t h fur ther detai ls o f the concept . 
N e x t , t he i n t r oduc t i on o f computers Ulto schools is discussed, m o r e as a caut ionary ta le o f h o w the 
inùOduction o f technology in the classroom can lead to unintended consequences. The examples 
o f la rge scale pro jec ts , Б к е P L A T O , and smal ler loca l ised ones l i k e the L O G O exper iment for 
teach ing mathemat ics , show that there was , and s t i l l is , a m isconcep t i on amongst m a n y teachers as 
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t o the cor rect and most e f fec t i ve w a y o f us ing computers i n the c lassroom. The rap id acceptance 
and d i s t r i bu t i on o f the In ternet a l l o w e d a d i f fe rent take on the use o f computers , and i t is no 
co inc idence that the concept o f s tud io teach ing rea l l y became p rac t i ca l at the same t i m e , that is， i n 
the ear ly 1990ร, 
T h e second chapter analysed the in take measures f o r the students en te r ing the t w o coxirses under 
รณdy. T h e n o n - A / A S l eve l entrants, e.g. those d i rect entries from voca t i ona l co l lege, were e l i m i ­
nated i n th is analysis. I t was s h o w n tha t the t w o groups 一 the con t ro l g roup and the exper imenta l 
giOup - w e r e equivalent i n the i r entrance grades, w i t h a correlation factor o f more than 0.75 fo r the 
t- test also gave a p-va lue o f 0.78 f o r a l l sub ject scores, thus a l l o w i n g the n u l l hypothes is , that the 
groups were equ iva lent , to be ma in ta ined . 
A quest ionnai re was g i v e n to b o t h groups o f รณdents at the b e g i n n i n g o f the semester. Th is con ­
ta ined genera l quest ions on compu te r ownersh ip , usage รωά f am i l i a r i t y . I t also conta ined 50 tech -
Tiical quest ions to assess ป้าe p re -know ledge that the students had . Th is w a s g i v e n to a l l students. 
T h e results showed tha t ownersh ip o f computers , w i t h C D R O M and m o d e m is n o w un ive rsa l 
amongs t the students i n the t w o g roups . Howeve r , some students ֊ a round 2 0 % o f t h e class - we re 
n o t comfo r tab le u s m g computers , a l though over 9 0 % were famil Ì£tr w i t h the Internet . А п г ш і Ь е г o f 
the qua l i ta t i ve quest ions were g rouped to g i ve a measure o f I T sk i l l s - bas i ca l l y f a m i l i a r i t y w i t h the 
m o s t c o m m o n appl icat ions so f tware - w h i c h showed that such sk i l ls h a d rema ined constant at 
a ro imd 5 0 - 6 0 % over the p e r i o d o f t h e study. O n l y j u s t over 2 0 % regu la r l y used a compu te r to do 
the i r h o m e w o r k , w h i l s t a round 8 0 % fe l t tha t computers he lped t h e m learn . Th is percentage rose 
d u r i n g the p e r i o d o f the study - b u t o n l y b y a rom id 1 0 % . Strangely, the п ш п Ь е г o f students w h o 
en joyed u s i n g computers f e l l d u r ๒ g the pe r i od o f t h e study. H o w e v e r , the percentage us ing a 
compu te r f o r over 10 hou rs /week rose from 3 0 % to 6 0 % . 
I n genera l , there were f e w o f these i tems w h e r e there w e r e m a j o r d i f fe rences be tween the groups. 
A l t h o u g h no analysis was car r ied oixt on these responses, a b r i e f s tudy o f t he resul ts, presented i n 
g raph ica l f o r m , shows a s im i l a r i t y be tween the i r at t i tudes. 
T h e t h i r d chapter descr ibed the analysis o f the output measures o f bo th the pre-test quest ions and 
a l l the assessments du r i ng the courses fo r the t w o groups. I t was n o t e d tha t t he syl labus had changed 
cons iderab ly du r i ng the pe r i od o f t he study. I n i t i a l l y , i t was based on a t rad i t i ona l eng ineer ing 
course concent ra t ing o n fac tua l l ea rn ing - fo rmu lae as w e l l as me thods o f so l v i ng standard p r o b ­
lems. Th i s w a s g radua l l y change to a m o r e ' sys tems ' based approach , w h e r e b road concepts were 
addressed, a l l o w i n g the students time to app ly th is is p rac t i ca l s i tuat ions. These changes we re 
app l ied to b o t h the I T S and non֊ITS classes s imul taneous ly , w h i c h is w h y an in t ra -cohor t analysis 
was car r ied out fo r each yeai*5 i n pre ference to an in ter -cohor t analys is . I t c o u l d be conc luded that 
th is change o f emphasis, w h i c h was made to a l l first֊year c o p s e s i n the M E E M depar tment , n o t 
j u s t the ones s tud ied ๒ th is thesis, emphasised, and ' r e w a r d e d ' , those students w h o were able to 
p rac t i ce deep- learn ing compared to those w h o t o o k a m o r e st rategic or sur face- learn ing approach. 
W h i l s t aware o f these imp l i ca t i ons , t hey we re no t considered w h e n ana lys ing the assessments i n 
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th is chapter. H o w e v e r , the data are ava i lab le f o r the assessments i n the appendices to th is thesis, 
and i t m a y be in terest ing to analyse t h e m at a later date to see i f there is any re la t ionsh ips to be 
f o u n d be tween the sy l labus changes and the results o f the var ious assessments l o o k i n g at the 
d i f fe ren t l ea rn ing styles. 
E f f e c t size has been used i n preference to the m o r e c o m m o n methods o f s tat is t ica l s ign i f i cance to 
analyse the resul ts o f the in t ra -cohor t assessments, as the results we re easier to in te rp re t i n an 
educat iona l con tex t . The ef fec t size o f the pre-test fo r a l l s ix cohorts was 0.16， w i t h a p -va lue 
greater t han 0.05 (0.88) f o r the t-test, thus v a l i d a t i n g the results from the analysis o f the entrance 
qua l i f i ca t ions tha t the two groups we re equ iva len t . The assessments over the t w o semesters s tud­
i ed f o r each cohor t were analysed i n a numbe r o f w a y s . T h e k e y data was the e f fec t size o f the 
dif i ferent assessments and the overa l l e f fec t size o f a l l the assessments over the s ix years , concen­
t ra t i ng on the resul ts fo r Semester A . T h i s was s h o w n to be 0 . 5 1 . Assessments f o r Semester в were 
also cons idered, a l though m o r e for compar i son t han eva lua t ion , as the assessments i n tha t semester 
were not designed to test any hjT30theses. The combined e f fec t size for the two semesters was 0.40. 
Consequent l y i t w a s conc luded that there was s ign i f i can t d i f fe rence be tween the t w o groups i n 
educa t iona l t e rms , w i t h an ef fect size o f 0.58 f o r the descr ip t ive sect ion o f the final Semester A 
exam ina t i on , w h i c h w o u l d ind icate that there was lea rn ing at a deeper leve l , as de f ined , fo r e x a m ­
p le , b y E n t w i s t l e (1981) , f o r the exper imenta l ITS-based group than f o r the con t ro l n o n - I T S 
g roup . 
T h e chapter finished w i t h the results o f a meta-anatys is p e r f o i m e d on data from 37 studies on 
sma l l -g roup teach ing fo r science and eng ineer ing students i n N A m e r i c a (not s fødio-based classes) 
w h i c h p r o d u c e d ef fect sizes o f s im i la r t o tha t from the s tudy repor ted i n th is thesis. 
T h e f o u r t h chapter presented the qua l i ta t ive data f r o m t w o groups o f students; the fil'st, from sec­
ond year students at C i t y U w h o had t aken the st ixdio-based courses i n the i r first year ; the second 
from students t a k i n g a class i n e lectronics and ins t rumen ta t i o i i at Rensselaer Po ly techn ic Ins t i tu te . 
These w e r e supp lemented b y data from feedback quest ionnaires at C i t y U and R P I . T h e chapter 
also i nc l uded a sect ion from a doc tora l thesis i n second language learn ing amongs t eฑgiฑeering 
students at C i t y U , where students i n t h e n o n - I T S (con t ro l ) g roup w e r e quest ioned over a w h o l e 
semester conce rn ing the teach ing techniques o f the author o f th is thesis. Th is gave i ns igh t in to h o w 
the st i idents reac ted to some o f the m u l t i m e d i a presenta t ion mate r ia l used i n b o t h groups. A l s o 
i n c l u d e d were data from the Teach ing Feedback Quest ionna i re (รณdent ra t i ng o f teachers) per­
f o r m e d o n b o t h groups at C i t y U over the p e r i o d o f the study. Th i s showed that , i n genera l , students 
ra ted the teach ing l o w e r f o r t he studio-based g roup t han the t rad i t i ona l m o d e g roup , even t h o u g h 
the ove ra l l pe r fo rmance o f the stodents i n the s tudio-based group was bet ter and the m e t h o d o l o g y 
con t r ibu ted to deeper lea rn ing . 
Da ta from less comprehens ive surveys earned ou t o n the studio courses at R P I was also i nc l uded 
f o r compar i son w i t h the data co l lec ted f o r th is thesis. T h e results we re genera l ly s imi la r . T h e 
seeming ( 
i n Chapte r ： 
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The fifth chapter f k s t l o o k e d at studies car r ied ou t on studio-based groups other than those at 
C i t y U and R P I . A g a i n , a l t h o u g h not as comprehens ive as the study i n th is thesis they d i d repor t 
s im i la r resul ts ; i n every case the groups t ak i ng the s tud io-based courses reported deeper lea rn ing 
among the students, and the m a j o r i t y o f respondents to the quest ionnaires fe l t that they h a d m o r e 
oppo r tun i t y to learn i l l the s tud io env i ronment . H o w e v e r , f e w o f the other surveys w e n t on to 
discuss the p r o b l e m w i t h the s m a l l g roup o f students w h o foxmd i t ha rd to come to terms w i t h the 
studio me thodo logy . 
b i t r y i n g to answer th is ques t ion , the theo ry o f l ea rn ing sty les was discussed. A l t h o u g h somewhat 
cont rovers ia l w h e n used f o r analys is o f pe rsona l i t y t ype , some o f these ideas m a y he lp to exp la i n 
w h y the reac t ion o f students is so d i f fe rent . A l o t m o r e w o r k needs to be car r ied out i n th is area 
before any de f in i t i ve answer can be g i v e n , b u t i t is one o f t he central observat ions from th is w o r k 
that d i f fe ren t l ea rn ing styles a f fec t the student response to the studio - poss ib ly w i t h the use o f 
concept inventor ies g i v i n g bet ter unders tand ing and analysis o f the metacogn i t i ve benef i ts . H o w ­
ever, i t is possib le to state tha t even t h o u g h s tud io-based teach ing is s t i l l considered exper imenta l 
i n some un ivers i t ies , at least u s i n g the m e t h o d o l o g y does n o h a r m - one o f the tenets o f any expe r i ­
menta l w o r k in to l ea rn ing - and i n fact a l l ows even those w h o do find the learn ing env i ronmen t no t 
to the i r personal taste, they s t i l l learn at least the same as f r o m al ternat ive methods t hey m i g h t 
prefer. B u t m a n y students exce l , w i t h the pedagogy o f s m a l l group in terac t ive teach ing based 
around a m u l t i m e d i a computer -based p rob le in /p ro jec t -based c u r r i c u l u m g i v i n g t h e m a chance to 
use a m i x t u r e o f l ea rn ing sty les i n one env i ronmen t . 
6.3 A n s w e r s and quest ions 
The m a j o r quest ion tha t the research was des igned to answer was whether there was any s i g n i f i ­
cant educat ional d i f fe rence be tween students taugh t i n the t rad i t i ona l manner o r b y us ing newer 
methodo log ies , i n th is case the In tegrated Stud io Teach ing approach. T l i i s thesis has s h o w n tha t 
the results o f t h e assessments do ind icate tha t s o m e t h i n g educat iona l l y s ign i f i can t has taken p lace, 
w i t h those students taught i n the teach ing s tud io p e r f o r m i n g s ign i f i can t l y better than those taught 
us ing m o r e t rad i t i ona l me thods . These finding are suppor ted b y w o r k car r ied out b y o ther re­
searchers w o r k i n g i ndependen t l y and a round the same t i m e . 
Howeve r , i n ana lys ing the resiüts a numbe r o f d i f f e ren t quest ions have arisen, w h i c h cannot be 
easi ly answered f r o m the data recorded. І В some w a y s , i t is inev i tab le that af ter analysis o f results 
such as these i t becomes c lear that m o r e comprehens ive conclus ions w o u l d have been reached i f 
th ings had been done d i f f e ren t l y ! B u t i t is no t poss ib le t o go b a c k and carry out the w h o l e exercise 
again, especia l ly w h e n there w e r e un ique c i rcumstances tha t a l l owed the w o r k t o be car r ied out i n 
the first p lace , and tha t cannot n o w be easi ly repeated. H o w e v e r , i t is poss ib le to fill i n some o f the 
gaps w i t h newer too l s , as w e l l as set t ing up some n e w research to answer some o f the quest ions 
that have been ra ised. 
There are t w o m a j o r ш а п ร พ e r e d quest ions raised b y the repor ted w o r k . The first is w h y do stu­
dents seem to p e r f o r m bet ter i l l s tudio teach ing e n v k o i i m e n t w h i l e n o t l i k i n g the me thodo logy as 
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m u c h as m o r e t rad i t i ona l methods? Secondly, does studio teach ing rea l l y address a l l l ea rn ing styles 
and re in force deep- learn ing over sur face- learn ing? The first quest ion is the mo re d i f f i c u l t to an­
swer, but some at tempt has been m a d e i n the d iscuss ion i n the p rev ious chapter. A n a l ternat ive 
approach to answer ing th i s quest ion m a y be poss ib le w i t h some recent w o r k at C i t y U , and th is w i l l 
be looked at b r i e f l y later. Howeve r , the other quest ion , concern ing the t ype o f l ea rn ing that takes 
p lace , cou ld be answered b y some newer too ls that have recent ly become ava i lab le , a imed at 
conceptual l ea rn ing . 
A t the beg inn ing o f the study, ๒ 1996, there w e r e f e w too ls avai lab le f o r measur ing the COฑceptual 
choice test tha t was deve loped f o r th is research was based u p o n m y exper ience as a teacher over 30 
years, and the quest ions w e r e chosen t o cover as b road a range o f concepts as w o u l d be covered i n 
the first year e lec t ron ic eng ineer ing course. The results from the pre-test presented i n th i s thesis do 
seem to have g i v e n enoนgh data to be able to establ ish some b road t rends over t i m e , as w e l l as to 
establ ish the equ iva lence o f the t w o groups . H o w e v e r , i n n o w a y c o u l d the pre- test resul ts be used 
t o gauge conceptua l unders tand ing i n ei ther an absolute fash ion , o r i n re la t ionsh ip to students 
e lsewhere. M a y b e t r y i n g t o measure the * increase ' i n сопсерШа І unders tand ing over the dm'at ion 
o f t he course w o u l d p r o v e a m e a n i n g f u l i nd i ca to r o f w h e t h e r deep- learn ing rea l l y takes p lace i n 
the süxdio. 
S ince the late 1990ร there has been m u c h w o r k o n Concep t inven to r ies (C I s ) . Concept Inventor ies 
are ins t ruments used to assess s tudents ' conceptua l unders tand ing o f a t op i c . T h e y are usua l l y 
const ructed i n a m u l t i - c h o i c e fo rma t , w i t h the distracters i d e n t i f y i n g c o m m o n areas o f student 
imsunders tand ing . The m o s t w i d e l y used o f these assessments is t he Force Concep t I n v e n t o r y 
( F C I ) , des igned t o assess students ' conceptua l f r a m e w o r k o f N e w t o n i a n and n o n - N e w t o n i a n m e ­
chanics. 
T h e F C I was deve loped b y D a v i d Hestenes (1992) and h is col laborators at A r i z o n a State Un ivers i t y . 
T h i s is a 30֊item mu l t i p l e - cho i ce su rvey meant t o p robe student conceptua l l ea rn ing i n N e w t o n i a n 
dynamics . I t focuses оฑ issues o f f o r ce ( t hough there are a f e w k i nema t i c s quest ions) , and i t is 
eas i ly de l iverab le . Students t y p i c a l l y take 15 t o 3 0 m inu tes to comp le te i t W h e n the ฝ ass's ga in 
o n the F C I (post֊test average~pre֊test average) is p l o t t ed against t he class's pre-test score, classes 
o f similax s t r u c t o e l ie approx imate ly a long a sti 'aight l ine. T h e m a x i m u m ' g a i n ' is 100, the m i n i m u m 
0， the latter i n d i c a t i n g tha t no th i ng has been learned! (Hestenes, i b i d ) 
T h e F C Ī has demons t ra ted that s i m p l e ins t ruments can be deve loped to he lp facu l t y i d e n t i f y h o w 
w e l l i n s t ľ u c t i o n has changed h o w students t h i n k about the concepts o f the օ օ ա ՜ տ շ տ . U s i n g the 
appropr ia te С І f o r the course subject , and i n a " con t i nuous i m p r o v e m e n t m o d e , " ins t ructors can 
t h e n re fme t h e i r pedagogy and c lass room managemen t techniques and gauge the i r e f fect iveness 
b y c o m p a r i n g gains o n the С І from semester to semester. T h e y can also gauge the ef fect iveness o f 
the i r teaching b y compar i ng the scores to a n o r m e d centra l register o f scores from other univers i t ies 
aroxmd the w o r l d . F r o m a C i t y U perspec t ive , w h e r e m o s t o f our science and eng ineer ing courses 
have students o f l o w e r en t ry qua l i f i ca t ions than m a n y other นnivers i t ies i n H o n g K o n g , th is w o u l d 
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be use fu l m e t h o d o f d e t e r m i n i n g w h i c h courses added ' v a l u e ' . A s mos t un ivers i t ies u s i n g CIs 
send the i r reรนIts t o a cen t ra l reg is t r y i n the u s , i t is also poss ib le to de termine whe the r the 
courses at C i i y U , f o r e x a m p l e , measure up to that e lsewhere. I t w o u l d have been v e r y in te res t ing 
to have been able to have h a d a post- test f o r the classes repor ted i n th is thes is , so tha t a measvure o f 
the comparab le ' v a l u e - a d d e d ' be tween the t w o groups cou ld have been de termined. Th is w o u l d 
have c o m p l e m e n t e d to e f f ec t size measurements , and, h o p e f u l l y , r e i n f o r c e the conc lus ions . 
Un fo r tuna te l y , C Is f o r e lec t ron ic eng ineer ing were n o t i n i t i a ted i m t i l a f ter the s tudy i n th is thesis 
had star ted! U s i n g the o r i g i n a l pre- test i n a post-test m o d e w a s cons idered in i t i a l l y , b u t re jec ted 
o w i n g to 'assessment o v e r l o a d ' оฑ the students at the end o f the semester. The OTi l ine CIs are less 
demand ing , and i t is an t ic ipa ted that there w i l l be f e w p r o b l e m s i n th is area. 
A n o t h e r іп Їефгега Ї іоп o f t h e s lope o f t he l i ne obta ined from the С І g raph is tha t d i f fe ren t sty les o f 
teach ing and l ea rn i ng p r o d u c e d i f f e ren t resul ts. The greatest ' g a i n ' has been s h o w n t o c o m e from 
small֊gro\ip p rob lem-based l ea rn ing , the smal lest from t rad i t i ona l ІесШ і 'е based c o p s e s . There 
w o u l d therefore seem to be some connec t ion w i t h the resul ts from the analysis o f t h e e f fec t size 
data. 
To invest igate th i s fur ther , and to see i f i t is poss ib le to С0Ш1ЄСЇ the t w o , a series o f C Is f o r first 
year e lect ron ic eng inee r i ng stodents at C i t y U is be ing deve loped b y a t e a m w h i c h I a m lead ing . 
The a i m o f th is p r o j e c t is t o adapt o r m o d i f y ex is t ing CIs , or deve lop n e w ones, so that a l l students 
t a k i n g first year Շ01ՄՏ6Տ o n E E depar tment p rog rammes can be assessed o n the i r i m p r o v e m e n t i n 
conceptual understaฑding o f t h e t op i c . Th i s w i l l be used as an add i t i ona l measure f o r assessing 
the ou tcome o f d i f f e ren t l e a n i i n g methodo log ies , as w e l l as t o re in fo rce best prac t ice in teach ing . 
The other ques t ion ra ised is w h y students do no t l i k e studio օ օտ ՜տ շտ . The quest ionnaires used f o r 
the student feedback i n th i s thesis w e r e n o t des igned to ascer ta in the s tudents ' at t iณdes t o the 
subject o f the courses, jนSt their attitude to the studio teaching methodology. Th i s was so that this 
c o u l d be compared w i t h o the r courses taugh t the same w a y , w h i c h is w h y the v a l i d i t y is rather 
suspect i f the resul ts are used f o r o ther pmposes . I n f o n n a l feedback from the M E E M students and 
s ta f f ove r the pas t decade ind icates tha t e lectronics is cons idered a ' d i f f i c u l t ' subject f o r n o n ­
e lect ron ic eng ineer ing students. M a y b e some o f the adverse commen ts about studio teach ing arise 
f r o m a lack o f con f idence i n s t u d y i n g the subject or even anx ie t y at the final assessment resu l t , 
and tha t these emot ions can be a m p l i f i e d b y the strangeness o f the teach ing env i ronment? There 
w o u l d seem to be some bas is fo r t h i s conc lus ion , even t h o u g h i t has been s h o w that s tud io 
teach ing caters f o r a l l l e a r n i n g sty les. 
Recent ly , the i n t r o d u c t i o n o f a quest ionnai re f o r a l l first year students at C i t y U , as m e n t i o n e d i n 
Chapter 3, is p r o d u c i n g de ta i led analysis o f t h e learn ing and s tudy strategies emp loyed . (Weins te in 
et a l , 1996) . I t p rov ides a bas is f o r i m p r o v i n g student's l ea rn ing and s tudy strategies, i n c l u d i n g , a 
d iagnost ic measure to he lp i d e n t i f y areas i n w h i c h students c o u l d bene f i t m o s t from. 
Data from the first ques t io ima i re g i v e n to first year students i n M E E M sü ;dy ing the cur rent 
Mecha t ron ics Deg ree s h o w e d a h i g h degree o f anx ie ty about t a k i n g the Е іес іхол іс Eng inee r i ng 
118 
courses. The L A S S I data are s h o w n b e l o w : 
•Summary of Average LASSI Test Scores I Ì I ^ 
ANX ATT CON INP MOT SFT SMI STA TMT TST 
No. of 
Par t i c ipan ts 
EE2917 44 16 38 50 34 48 42 50 35 31 22 
Number of S tudents in each of the scores ca tego r i es 
ANX ATT CON INP MOT SFT SMI STA TMT TST 
0% · 25% 4 20 7 7 10 5 8 5 9 11 
26% · 50% 12 4 11 6 9 8 8 6 10 8 
5 1 % - 75% 6 0 5 5 2 9 6 9 4 5 
> 75% 2 0 1 6 3 2 2 4 า 0 
.. i 
ձ Ї L_ 
F igu re 6.1 L A S S I data fo r 2005 -6 cohor t 
A score o f > 7 5 % indicates that there are f e w p rob lems that need be addressed; a score 51 - 7 5 % 
indicates that some i m p r o v e m e n t m a y be needed; a score 26 ― 5 0 % ind icates that there is a p r o b l e m 
to be addressed; a score b e l o w 2 5 % is serious. 
T h i s w o u l d seem t o ind ica te that a m a j o r i t y o f respondents - about 5 0 % o f the class - are anx ious 
( A N X ) about t a k i n g the course, w i t h some (4 students) ve r y anx ious . A l s o , the at t i tude ( A T T ) t o 
the course shows serious lack o f in terest . M o t i v a t i o n ( M O T ) is also v e r y l ow , as are time manage­
m e n t sk i l l s ( T M T ) and t h e i r use o f test p repara t ion and test t a k i n g sk i l l s . A t t he m o m e n t ove ra l l 
data is n o t ava i lab le fo r t he w h o l e Mecha t ron i cs Degree P r o g r a m m e , so i t is n o t possib le to c o m ­
pare the data f o r the E lec t ron i c Eng inee r ing course w i t h others that are b e i n g taken. 
H o w e v e r , th is does ind ica te an area f o r fur ther study, and i t w i l l be in te res t ing t o at tempt to relate 
the i n f o r m a t i o n from L A S S I to the resul ts o f the research deta i led i n th is thesis, especia l ly the 
feedback from students. I t m a y p r o v i d e a means o f in te rp re t ing the data, i n c l u d i n g the seeming 
con t rad ic t ion be tween at t i tudes to s tud io teach ing and the res\i l ts o f the assessments. 
6.4 Consequences o f the s tudy 
T h e consequences o f the s tudy repo r ted i n th is thesis have been cons iderab le , as far as deve lop ing 
the two s tudio-based courses are concerned . M a n y o f the po in ts m a d e i n the student feedback, as 
w e l l as comments from peer r e v i e w and papers pub l i shed d u r i n g t h e past f e w years on student 
l ea rn ing , have been m с о ф orated i n t o the latest ve rs ion o f the courses. One consequence o f th is is 
that b o t h exam rates and Teach ing Feedback Quest ionnaire ( T F Q ) scores have been rising, a l though 
s tudent entrance grades and course d i f f i c u l t y have no t changed s ign i f i can t l y , a l t hough there is 
ev idence, presented ear l ier , that xmderstanding had fa l l en over the p e r i o d o f study. 
The re were two oppor tun i t i es to change the s t ructure and content o f t he courses under study. The 
f i r s t occur red ๒ 2000 , w h e n there w a s a rev i s i on t o the B E M T E and B E M E p r o g r a m m e . Th is has 
been commented on i n some detai l i n p rev ious chapters and i n several pub l i shed papers (Bradbeer, 
2002a , 2002b) . 
T h e nex t oppo r tun i t y fo r change occu r red i n 2002， w h e n the need to teach e lect ronics to the first 
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year B E M E programme, in parallel with the B E M T E օօւՄտշտ was removed, when it was decided 
not to teach electronic engineering to the B E M E students. This provided the opportunity to 
completely revise the electronics syllabus for the whole programme, as wel l as to introduce major 
modifications to the studio courses, chaฑges which were not possible whi le the BEME programme 
had to be supported. 
The feedback from the students and staff in the pre\âous six years was analysed, and grouped into 
various areas o f concern. These have been addressed as fo l ioพร: 
6A.1 Documentation 
There were a number criticisms of the course documentation, text-books and web site. These were 
resolved in some ways by converting the согігзе from piirely -html-based web pages to WebCT. 
The underlying structure o f WebCT allowed a more orderly presentation o f the web material. I t 
also allowed a mixture o f formats to be used for the course materials. This included simpl i fy ing 
and updating the ро\уефо іп Ї presentations where lectures were given (and also where they were 
not, so that they could be used as course notes). A t the same t ime, the detailed course notes were 
relegated to background reading, and the synopses of the previous courses extended to give students 
more information. The textbooks were also updated w i t h a wider range of recommended books. 
This allowed for the different learning styles o f the students - some wanted detailed notes, others 
just br ief ones; some wanted one book to refer to, some a mmber. There were also more references 
to more book chapters in the notes. 
6.4.2 Tutorials 
One of the main problems wi th studio-based courses is the integration o f tutorials into the format 
I f there are specific t ime slots for tutorials - or examples sessions, as they inevitably turn out - this 
can intermpt the flow o f the course. However, students want examples classes as they feel they are 
learning how to answer questions in the format that they w i l l encoimter in the examination. This 
proved to be one o f the biggest hurdles to overcome. Student expectations, especially in the first 
year, are sti l l predicated on their experiences o f the learning environment at school and college -
where the traditional, even rote learning, format is sti l l w idely practised, especially in Hong Kong. 
One answer was to make more use o f the short quizzes in the EDEC courseware, where these were 
available. Previously, the tutorial sessions had to be similar in content for both the studio-based 
and non-studio based courses, as they essentially took the same examination. Wi th the freedom to 
choose, the embedded tutorials/examples in the interactive com'seware came into their own. As 
they tend to be in the appropriate place, as wel l as more discussion oriented, they worked vexy 
we l l . However, they st i l l needed to be supported by traditional example sessions where the online 
material was not available. This 'Hobson'ร Choice' works we l l , as i t does allow the students to 
rela^^ to a more 'normal ' classroom environment at some points during the courses. One side 
effect o f นsing the embedded quizzes was the reduction in the пшпЬег o f formal 'Tutorial Sheets', 
from ten to five. 
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One of the bonuses of project-based collaborative learning is the level o f discussion that goes on 
between both students and instructors. One consequence of this is that students have become more 
confident in expressing themselves i n English, to the extent that some groups conduct their 
discussions in English and not Hong Kong Chinese (Cantonese) or mainland Chinese (Putonghua). 
This is especially trae o f the groups which have mixed Hong Kong and mainland China stiไdents. 
6.4.3 Assessment 
In order to give the รณdents more feedback on their progress - another crit icism o f the former 
COไirses - the number o f assessments was increased. Two 20 т і ш Ї е quick quizzes were introduced 
in week 5 and week 11 o f the semester. Unl ike many of the university courses in the us, where 
studio teaching is used, Hong Kong universities do not have a tradition o f regular quizzes and 
tests. I t is always a surprise when looking at the semester луогіфіап for American courses that they 
sometimes have one quiz a week! The assessment regime now consists o f two homeworks, two 
quizzes and one 35 minute, more formal, mid-semester test This seems to be the l imi t acceptable 
to the students, and at the same t ime giv ing them enough feedback to allow their weaknesses in 
certain areas o f xmderstanding the courses to be addressed ― both by the teacher and themselves. 
One mteresting aspect is that the resฬts o f the assessments for the whole class are also put on the 
WebCT site. This may pose some problems in publicising personal data, and may not be possible 
in some jurisdictions. However, the students say they appreciate i t as i t allows them to come to the 
aid o f anyone fal l ing behind. This is cei lainly tme when applied to the groups that form dimng the 
collaborative learning parts o f the course. 
Finally, as the amount o f practical sessions has been significantly increased (see below), along 
wi th the assessment, the weighting o f the final examination has been reduced to 60%， wi th the 
possibil ity o f that going down to 50% in the near f u t o e . 
6.4.4 Problem-based vrojects 
One o f the major criticisms o f the original courses was that the practical work did not seem to be 
ful ly integrated wi th the main part o f the օօէՄՏՇ. This, again, was a consequence of the need to 
have similarities in the courses content between the non-studio and studio-based courses. Once 
this restraint was gone i t proved possible to create a ful ly integrated course that took f i l l i advantage 
of the studio environment. One other factor that allowed more flexibility was the reduction in the 
пшпЬег o f students taking the course. The numbers have been restricted to 36, and this includes 
any repeat students. In practice, the number has not gone above 30 for the past four semesters. 
This allows for a more intimate atmosphere, although the teactung studio is st i l l designed for up to 
60 students. On the other hand, i t does mean that there is a tendency for students to monopolise 
one terminal each, instead of sharing, even i f they are working in groups o f two or three. 
In the ini t ia l courses there were a number o f practical based experiments, but these really just 
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imported traditional laboratoiy work into the studio setting. This really did not make fu l l use o f 
the facilities or enviromnent, and was not really conducive to true collaboration Ьеїл^'ееп students. 
This gave rise to a number o f the criticisms voiced in the feedback in the previous chapter. 
The new courses have emphasised project-based learning at the expense of lectures. And even 
where there are lecture segments they are now mostly based around the EDEC interactive 
co^seware. There are three projects which take up to 60% o f the scheduled class t ime. Each 
project is based around a series o f objectives. These range from the investigation o f the maximum 
power transfer theorem, through the design o f a single transistor audio amplifier, investigation o f 
various op-amp circuits to design o f filters, and finally, design o f a simple sequential logic circuit. 
This mixture o f investigation and design seems very popular. The investigations are based around 
standard circuits, which are provided in the notes. Af ter being asked to carry out simple step-by-
step instructions, so that the students get introduced to the problem, they are then given a series o f 
questions to answer. They have to figure out the best way of do๒g this, usually by experiment and 
calculation. 
The design problems are more straight forward. A design criteria is set out clearly after a similar 
introductory section where they analyse set circuits. In the design exercise they are usually given 
the transistor or 1С type but have to work out the final circuit and component values. Usually there 
are fi*equent interruptions from the insťuctor to go over pints o f theoiy, design or experimental 
technique in response to questions from the students. These design-based exercises are very 
interactive, and quite often, very noisy w i th everyone talking and conti'ibnting in their smaller 
groups. 
One of the problems w i th first year students, especially those from school, is that they have not 
been taught how to make notes o f their laboratory work as tihtey proceed. Consequently, much t ime 
is taken up teaching laboratoiy techniques, log book and report wr i t ing skills. This does eat into 
the time available for the project work. A l though most o f the projects are designed to be a mixture 
ofsimนlation and prototype board work with real components, only a few of the groups are able to 
complete all parts o f the project in the allocated time. This is no problem i f simulatioฑ is involved 
as they can do this in their own t ime, as the software is available over the student L A N . However, 
the circuit construction can only really be done in the studio, so they miss 0นէ on this aspect o f the 
course. This would possibly be a major problem wi th electronic engineering majors, but most on 
are B E M T E programme do not seem too worried, although comments have been made about this 
in the student feedback. 
6.4J Comments 
I t is clear that not all o f the negative comments from students have been addressed by the new 
course structure. However, most o f the serious ones have been. The number o f negative comments 
on the TFQ have been reducing, aiid the number o f positive ones increasing - although the vast 
majority say nothing! Comments in the class have also been positive, with a number o f students 
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choosing the fo l lowing electronics electees based on their experiences in the first year. 
There is also evidence to support the improvement in 'deep learning', as discussed above, although 
ՈՄէհշւ work needs to be carried out in this area to come to a definitive conclusion. The latest 
version o f the course, which emphasises a more problem-based approach, along with a more systems 
based curriculum, and which is structured to address different learning modes, seems to have 
resulted in a different attitude to electronics on the programme. I f i t were possible to give the new 
LASSI questionnaire at the beginning o f Semester B， and not just at the beginning o f Semester A , 
any change in attitude, anxiety and motivation could be measured. 
1 have been teaching the second year electronics course for the B E M T E รณdents recently. Form 
informal feedback i t appears a number o f the รณdents ai'e quite upset that they have to go back to 
the traditional teaching stractoe and environment. A t the same time, a larger number o f f inal year 
B E M T E sfødents have been choosing electronics-based final year projects since the courses were 
restructured. And ťbis í tom a course that used to ' frighten' the students since they considered i t ฑ ot 
part of their manufacturing engineering expectations. Empirical evidence from those staff teaching 
later COไarses which include an electronics component, such as conti'ol systems, also indicate that 
there is now a better understanding o f the basic principles and concepts. Once the С І evaluations 
are in place, there may be qualitative data to back up these comments. 
6.5 Final conclusions 
The research results presented in this thesis have shown that studio teaching, broadly defined as 
small-group problem-based teaching using interactive technologies, has significant educational 
benefits over traditional methodologies. This is shown by the higher scores in assessments, especially 
տ those directed at assessing 'deep leammg' as distmct f rom strategic learning. However, i t is clear 
that the different nature o f studio teaching, as experienced by the students, is not entii-ely acceptable 
to those who have been taught in a more traditional mode previously. In fact, there is a considerable 
number o f students who do not l ike studio teaching even though the results o f their assessments are 
significantly better. 
There is also evidence to show that studio teachnใg can address mult iple leammg styles wi th in a 
single class structxire, which overcomes the discormect experienced in traditional engineering and 
science courses where lecture, laboratory and ณtoriai are taught independently. 
Some o f the questions raised by the work reported in this thesis - the exact extent o f the conceptual 
learning achieved, the attitudes and motivations o f the students - are being addressed by continuing 
research involving Concept Inventories and the Learning and Study Strategy Inventory. A t tiie 
same t ime, C i tyU is moving towards having all courses and programmes at the imiversity changing 
to an outcome based teaching and learning culture (OBTL) . Many o f the ideas discussed in this 
thesis are relevant to this process, especially as much o f the research reported here is an analysis o f 
the outcomes, and it proving very useful տ the discussions ฝmed at implementing O B T L 
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Semester A Pre- tes t 
Pre-test for B E M T E first vear Semester A 
This pre-test is N O T an examination. Do not worry i f you do not understand a question - some are 
based on work to be done during the coming semester; just leave the answer line blank - this is 
preferable to guessing! The results w i l l not be used for any assessment o f your performance. I t w i l l 
only be used to ascertain the knowledge o f electronics that you have before you start the course. 
This w i l l help us to tailor the course to suit the needs of the class. 
It w i l l also be used as part o f a long term research project to evaluate the effectiveness o f the 
teaching methods employed. This means that you w i l l be tested at regular intervals during the 
course. Some of these tests - the mid-semester test, for example, - w i l l be used for assessment 
ршрозез. Other questionnaires w i l l be used that do not affect your assessment. You w i l l be 
informed before each test which ones are to be used for assessment and which are for research. 
This exercise is in two parts. The first asks some questions which may be used to facilitate fiirther 
research. The second asks some technical questions. There are two multiple choice answer sheets. 
Use one fo r the first par t , the other for the second par t . Please remember to put your รณdent 
number on the answer sheets. 
Please mark the attached mark sheet w i th a black pen or pencil, as indicated. Return the question 
paper along wi th the m/c answer sheets. 
The test w i l l last for 40 minutes. 
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Part 1, Respond to the following questions by marking your choices on the first m/c 
answer sheet. Be sure to put vou student ID on it. 
Question 1 
Have you ever used a computer before? 
Question 2 
Do you feel comfortable using a computer? 
Question 3 
Are you famil iar w i th using the I n t e m e ť w w w ? 
Question 4 
Do you know how to use Excel or another spreadsheet? 
Question 5 
Do you know how to use Word or another word processor? 
Question 6 
Do you know how to use Dbase or another database? 
Question 7 
Do you regularly do you homework on a computer? 
Question 8 
Do computers help you leam? 
Question 9 
Do you enjoy working on a computer? 
Question 10 
On average, how many hours/week do you spend 
on a computer? 
A ) Yes B)No 
A ) Yes B) No 
A ) Yes B) No 
A ) Yes B) No 
A ) Yes B) No 
A ) Yes B) No 
A ) Yes B) No 
A ) Yes B) No 
A ) Yes B) No 
A ) 1-5 
C) 11-15 
Question 11 
Do you own a computer? 
Question 12 
I f you do own a computer does it have a CD-ROM capability? A ) Yes 
B) 6-10 
C) 16+ 




Are you familiar w i th the syllabus for this course? 
Question 14 
What grade do you expect to get in this course? 
Question 15 
Would you be happy to have some of your course based on a 
self-learning mode using a computer workstation? 
Question 16 
I f you answered Yes to Question 15， what percentage of the 
course would you l ike presented in self-learning mode? 
Question 17 
Do you own a modem? 
Question 18 
A ) Yes 
A ) 
C) 
A ) Yes 
















I f you answered Yes to Question 19， would you be prepared to 
access any self-learning material via the modem in your home? A ) Yes B) No 
Question 19 
What language would you prefer any self-leaming material to be presented? 
A ) English only B) Chinese only C) A т іхШге of English and Chinese 
Question 20 
What language would you prefer to have lectures presented? 
A ) English only B) Chinese only C) A mixture o f English and Chinese 
Question 21 
What language would you prefer to have tutorials presented? 
A ) English only B) Chinese only C) A mixture o f English and Chinese 
Question 22 
What language would you prefer to have laboratory sessions presented? 
A ) English only B) Chinese only C) A m i x t o e o f English and Chinese 
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Part 2: Mark the second m/c answer sheet with the answer vou think is correct 
Question 1 
Resistance is measured in A ) Volts B) Amperes C) Ohms, D) Watts 
Question 2 
The resistance of a conductor is directly proportional to A ) The length, B ) The cross-sectional 
area, C) The velocity, D) The pressure 
Question 3. 
Which o f the fol lowing is a good conductor? A ) Porcelain, B) Mica, C) Copper, D) Rubber 
Question 4 
Which o f the fol lowing is a good insulator? A ) A lumin ium, B) Ebonite, C) Iron, D) Steel 
Question 5 
Doped silicon is classed as A ) A conductor, B) A semiconductor, C) A n insulator, D) A n impurity 
Question 6 
The resistance of a cable 9133 m long having a radixis o f 5 mm and a specific resistance of 1.72 X 
lO—s Ω ι η is approximately A ) 1 6 Ω , B) 10 Ω, C) 2 Ω, D) 0.6 Ω. 
Question 7 
Four resistors in series w i th values o f 1.5 к П , 3.3 ш , 3.9 ш and 4.7 ш w i l l have a combined 
resistance of A ) 9.2 ш , В) 10.4 ш . С) 13.4 ш D) 15.6 ш 
Question 8 
A voltage of 0.0025 V expressed in microvolts is A ) 25 μ ν , B)250 μ ν С) 2.5 μ ν , D) 2500 μ ν . 
Question 9 
A current o f 0.5 A is measured at a circuit point over a period o f 2 min. The charge that has passed 
that point is A ) 10 c， B) 20 c， D) 40 c, D) 60 c. 
Question 10 
A power 0 f l 2 m W is equivalent to A ) 12 X 10՜' พ , В) 12 χ 10* พ , С) 12 χ 10՛ พ , D) 12 χ ւօ՛^ พ . 
Question 11 
The power dissipated by a 60 Ω resistor having 120 V across i t is A ) 240 พ , В) зо พ , С) 120 w， 
D) 2 พ . 
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Question 12 
360° expressed in radians is A ) π/4 rad, В) π rad. С) 2π rad, D) 4π rad. 
Question 13 
The sin o f 5π/6 is A ) 0.1, B) 0.5, C) 0.866， D) 1.0. 
Question 14 
π rad is expressed in degrees as A ) 60", B) 90°, C) 150°, D) 180°. 
Question 15 
A voltage sine wave having a maximum value o f 24 V is plotted from 0" to 360°. The instantaneous 
value at 30° is A ) 1 62 V， B) 1.86 V , C) 2.02 V , D) 12 V . 
Question 16 
The domestic mains supply has a value o f 240 V . The peak value is approximately A ) 280 V , B) 
300 V , C) 320 V， D) 340 V . 
Question 17 
A waveform has a frequency o f 250 Hz. The periodic t ime, in seconds, is A ) 0.02, B) 0.04, C) 
0.004, D) 0.008. 
Question 18 
4.5 X 1 օ դ ք expressed in microfarads is A ) 45 μΡ, В) 450 μΡ, С) 4500 μΡ, D) 45 χ IO 3 μΡ. 
Question 19 
A voltage o f 25 V is applied to a 1.8 nF capacitor. The charge stored is A ) 25 μΟ, В) 45 μΟ, С) 25 
nC， D) 45 nC. 
Question 20 
A capacitor has a terminal voltage o f 12 V and has a value o f400 μΡ. The energy stored is A ) 20.6 
mJ, B) 26 8 mJ, C) 28.8 mJ， D) 30 2 m j . 
Question 21 
Two capacitor plates are separated by a dielectric 0.5 mm thick. I f the terminal voltage is 6 V , the 
field strength in volts per metre is A ) 600, B) 6 X icř, С) I2x\0\ D) 15 χ 1๙. 
Question 22 
A 230 μ Η inductance expressed in millihenries is A ) 0.0023, B) 0.023, C) 0.23, D) 2.3 
Question 23 
A coil has 400 tums. I f a flux o f 100 mWb acting through the coil is reversed in 0.04 ร, the induced 
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voltage is A ) 200 v , В) 500 v , 1000 v , D) 2000 V. 
Question 24 
Two coils have a mutual inductance of 1.2 H. I f the current in one of the coils increases from 0 A 
to 10 A in 30 ms， the average voltage induced m the other coil is A ) 60 V , B) 180 V , C) 200 V， D) 
400 V. 
Question 25 
A 0.98 H coi l has a reactance of 1.4 Ω at an approximate frequency o f A ) 142 Hz, B) 227 Hz, C) 
361 Hz, D) 473 Hz. 
Question 26 
A 0.01 μΡ capacitor is in series wi th a 4.7 Ι ίΩ resistor. The time constant is A ) 47 ms， B) 47 μ3， С) 
0.47 μร, D) 470 ms. 
Question 27 
A n 8 Η inductance is in series wi th a 5 Ω resistor. The time constant is A ) 0.6 ms, B) 64 ms， C) 1.6 
s， D) 16 μร. 
Question 28 
A 0.025 μΡ capacitor is in series wi th a 1 \ίΩ resistor and a 30 V supply. A t the instant o f switching 
on the voltage supply, at է = 0 ร, the current is A ) 30 mA， B) 60 mA, C) 120 μΑ, D) 180 μΑ. 
Question 29 
A conductor carrying 50 A is at a right angle to a magnetic field having a density o f 0.5 T. I f the 
conductor length is 1.0 m, the forceon the conductor is A ) 25 N， B) 30 N, C) 50 N， D) 70 N. 
Question 30 
A conductor 100 m m long is moving w i th a velocity o f 10 ms—1 at right angles to a magnetic field 
having a flux density o f 0.5 T. the emf induced in the conductor is A ) 0.1 V , B) 0.5 V , C) 1.5 V , 
D) 2.5 V . 
Question 31 
A coil o f 500 tarns is wound on a wooden ring having a mean circumference of 200 mm. I f the 
current in the coi l is 2 A , the magnetic f ield strength is A ) lOOOA m ', В) 1500 A m—1, С) 2500 A 
m ', D) 5000 A m '. 
Question 32 
A 0.2 H mductance is supplied b y a 100 V 50 Hz supply. The current is A ) 0.62 A , B ) 1.23 A , C) 
1.59 A , D) 2.31 A . 
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Question 33 
A 25 μΡ capacitance is supplied by a 140 V 50 Hz supply. The current is A ) 0,2 A , B) 0.8 A , C) 1.1 
A， D) 2.6 A. 
Question 34 
A 0.12 Η inductance is in series w i th a 15 Ω resistor. They are supplied by a 150 V 60 Hz supply. 
The current is approximately A ) 1.93 A , B) 2,16 A , C) 3.147 A , D) 4.231 A. 
Question 35 
X +ŽV is called A ) A n exponential number, B) A n odd number, C) A n even number, D) A complex 
number. 
Question 36 
A n expression such as оฬ(cos φ +y sin Φ) is called A ) A modulus, B) A trigonometric notation, 
C) A polar notation, D) A n argument. 
Question 37 
A phasor wri t ten as OA ՀՓ is called A ) A polar notation, B) A trigonometric notation, C) A 
rectangular notation, D ) A n exponential. 
Question 38 
The expression ƒ is equal to A ) 1, B) - 1 , C) j , D) -j. 
Question 39 
When 6 +ý 6 іร mult ipl ied by 5 +y 5 answer is A ) j 30， B) j 60， C) 6 +7 30, D) 6 +7 60. 
Question 40 
A 10 V battery has an internal resistance of 0.1 Ω. I f i t has a resistive load o f 20 Ω, the terminal 
voltage is A ) 8,5 V , B) 9.2 V， C) 9.5 V, D) 9.95 V. 
Question 41 
The diagram shows the simplest practical npn transistor amplifier. The base current, Կ is 60μΑ， 
and the collector cixrrent is lOmA. Then the emitter current ІЕ is A ) 10.06 mA， B) 10.6 mA， C) 
10.0 mA, D) 16.0 mA. 
6 0 0 ๐ h m ) R 1 
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Question 42 
The diagram shows an inverting operational amplifier. I f R, = 50 Ω and R2 = 50 Ω， the voltage 
gain is A ) ֊ 1 , B ) - 5, C) - 10， D) - 50. 
V l n 
ป—ี—1Ւ 
Question 43 
The number 111 in base 3 expressed in denary is A ) 12， B) 13， C) 24， D) 26. 
Question 44 
The addition o f binary numbers 100 and 1100 gives A ) 1111, B) 10100, C) 11000, D) 10000. 
Question 45 
Binary 10111 subtracted from 101110 gives A ) 1000Լ B) 10010, C) 10111,D) 11011. 
Question 46 
The truth table shown where A and в are the inputs and Q the output is for A ) A n A N D gate, B) 
A N A N D gate, C) A n OR gate, D) A NOR gate. 
A В Q 
0 0 1 
0 1 1 
1 0 1 
1 1 0 
Question 47 
Energy is measured in A ) Coulombs, B) Joules, C) Watts, D) Amperes. 
Question 48 
I f a force o f 1 N moves an object a distance of 1 m in the direction o f the force, the amount o f 
work done is A ) 1 pound, B) 1 coulomb, C) 1 volt, D) 1 joule. 
Question 49 
Absolute zero is A ) - 100 。c, B) - 132 。c， C) ֊273 ฯว, D) - 300 "с. 
Question 50 
А lower alternating voltage can be produced from the mains supply by using a A ) Voltmeter, B) 
Capacitor, C) Rectifier, D) Transformer. 
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Appendix 2 
t-test for A leve l scores 
-a l l sub jec ts 
t -Te«b T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
Non-iTS /7•ร 
՝ ~ 8.15 7 951923 
Var iance 7.2050ЭЗ 4.885096 
Obeena t i ons 55 26 
Hypo thes i zed M e a n Difference 0 
Analyses for A level scores by cohort and subject areas 
t-test t o r A leve l scores 
- techn ica l sub jec ts only 
P(T<=t ) опеЧа і І 
է Cr i t ical one-tai l 
P ( T < = t ļ two4af l 
է Cdt ica i two-taa 
0 .350763 
0 .36350« 




M e w 
Var iance 
Hypo thes i zed M e a n D i fe rence 
է s t a t 
РГТ<=1) one-tai l 
է Cr i t ical one- ta i ! 
P(T<=t ) two-tai l 
է Cnt ica l t w t K a i 
7 .191489 6 .632813 







t -Test : T w o - S a m p ł e A s s u m i n g U n e q u a ) V a r i a n c e s 
1 9 * 8 - พ ^ _ 
Var iance 
O b s e n a t i o n s 
Hypoö ies l zeช M e a n D i fe rence 
；é ՚ 
P ( T * = t ) one- ta i l 
է Cr i t ical one- ta i l 
P(T<:=t) IVTO-tsil 








t -Test : T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
1999-2000 ； 
M e a n 8.742857 9,128571 
Var iance 1 . 1 9 ^ 3 9 2.152101 
O b s e n e t i o n s 35 35 
Hypo thes i zed M e a n Difference 0 
df 63 
է Stat -1 .24698 
Р ( Т < - ! ) one-tał l 0 .108511 
1 СгШса) one- ta i ! 1 669403 
P (T<= t ) two- ta i l 0 .217021 
լ Crìtica) tviNbtafl 1.998342 
t -Tes t : T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
2000-2001 
M e a n 9 22093 S 344828 
Va r i ance 1 . 1 M 0 7 5 2 287562 
Observat ions 43 2 9 
Hypo thes i zed M e a n Difference 
4； ժ ք է S t a t ^ . 3 7 9 3 9 РП•"ะ=t) one- ta i l 
է Cnt ica l one-tai l 
0 .353055 
1.677927 
P (T<= t ) twoAaä 0.706111 
1 Cf i t ica l two- ta i l 2 011739 









HVpott i«Bìzed M e a n D i f e rence 
P(T<=t ) one- ta i l 
է Cnt ica l one-tay 
Р(Т<=1) tvro-taa 






t - T e t f : T w o - S a m p l a A m i m i n g U n e q u a l V a r i a n c e s 
- a H s u b j e c t s - a t t c o h o r t s お 
M e a n 
Var iance 
O b s e f w t t o ก ร 








t - T e t t : T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
1996-87 - ； . 
t - test fo r A leve l scores 
ā «= o.os 
І - Т е Л T w o - S a m p l e A m i m i n g U n e q u a l V a r i a n c e s 
滅s: ITS 
Var iance 
Obsene t í ons 
Hypo thes i zed M e a n D i f e r e n c e 
P(T<=t ) one- ta i l 
I C r i t i c d o n e - t ś l 
P (T<=t ) two- ta i l 
է C r i t t e r bvo- ta i l 
5.731818 5 . M 2 3 0 8 
6.677904 4 166538 
0.69304 
1997-98 
Vanabfe 1 Vanabie 2 
Mean 
Var iance 
O b s e n e t i o n s 
Hypo thes i zed Mean Dif lerence 
P(T<=t ) one- ta i l 
է Cri t ícal one- ła i l 
P (T<=t ) two- ta i l 
է Cnt ícal two - ta i ! 
4 .941489 4-632813 
3.929926 2 .209614 
t - T e s t T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
. 1 9 M ֊ M 
Vanabfe 1 Variable 2 
Mean 
Var iance 
O b s e n a U o n s 
H y p o t h e s i z e d M e a n Di f ference 
Р{Т<=Ц one- ta i l 
է Cr i t ical o n e r a i ! 
P (T<=t ) t ¥» - t a i l 
է Cnt icał two-tart 
S . 4 3 1 0 M 5 .265625 
1.298645 2 .080393 
Щ 3 2 І 
t -Test : T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
1999-2000 
Variable 1 Variabh 2 
M e a n 
Var iance 
O b s e n e t i o n s 
H y p o t h e s i z e d Mean Dif férence 
6.428571 7 242857 
1.046218 2 .181933 
35 35 
Р ( Т < - | ) ο η · · Ι ฬ เ 
է br i t i cat one-tait 
Р(Т<« | ) two- ta i l 
է Cnt ica l t t w H a i l 





է - T e s t T w o - S a m p ๒ A s K i m i n g U n e q u a l V a r i a n c e s 
2000-2001 
Variable 1 Vanabie ； 
M e a n 7.302326 7.724138 
Var iance 1 025471 1.778325 
Observat ione 43 2 9 
H y p o l h e s i z e d Mean Dif ierence 0 
է S te t -1 
1 8 7 6 5 5 1 
0 154722 
2 .009ร74 
P(T<=t ) one- ta i l 
է Cr i t ica l one- ta i l 
P (T<=t ) t w o 4 a i l 
է СгШса І two֊teij 
t -Tes t : T w o - S a m р і « A s s u m i n g U n e q u a l V a r i a n c e s 
2001-2002 
Varille 1 Variable շ 
M e a n 
Var iance 
O b s e n a t i o n s 
H y p o t h e s i z e d Mean D i f e rence 
P (T<= t ) one- ta i l 
է ć r i t i ca l one-tai l 
P (T<=t ) two- ta i l 








t - T e s t T w o - S a m p l e A c t u m i n g U n e q u a l V a r i a n c e s 
- t e c h n i c a l s i b j e c t s o n l y - a l l c o h o r t s 
Vanafete 1 Vaneble շ 
M e a n 6 . 2 0 แ พ 6 ,404738 
Va r i ance 1.006575 1 714588 
O b e e n a t i o n s 6 6 
H y p o t h e s i z e d M e a n Di f férence 0 
P{T<= t ) опеЧв і І 
է C i i t i ca l one la i l 
P (T<=t ) two- ta i l 
է С ฒ c a l two4e ł l 
ง . 3 0 2 4 8 
0.3β45β 
๐ b s e n o t i o n s 
H y p o t h e s i z e d M e a n ОІЯегепсе 
P (T<= t ) о п е к а й 
է Cr i t ic๗ one-tai l 
P ( T < = t ļ t w ( ฝ a i l 
է Cr i t ica l ìMOAaii _ 




2 0 0 7 Տ Տ 4 
;2404 
26 
Vanabie 1 Vanabie 2 
Var iance 
O b t e n a t t o n s 
Hypo thes i zed M e a n Dif ference 
d f 
է S ta t 
Ρ ( Τ < « ! ) one-tai ł 
է Cnt ica l оле-tai) 
P (T<= t ) two- ta l l 
է Cri t icat two-tai t 
t -Tes t : T W D - S a m p ł e A s s u m i n g U n e q u a l V a r i a n c e s 
1 » Μ · Μ ՜ -. ― 
Vanabie 1 Vanabie շ 
Mean 
Var iance 
O b e e n a t i o n s 
H y p o t h e s i z e d M e a n Dif ference 
2 .310345 2.2B125 
0 .918103 0.966734 
32 
է S ta t 
P iT<= t ) one- ła i l 
է Cr i t ica l one ra i ) 
Р(Т<«1) two- ta i l 
ł Cń t i c๗ two- ta i l 
1 .671092 
0 .90728 
一 2 . 0 0 0 9 9 7 
է-Test: T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
im-20oo 
Variable 1 Vanabie 2 
M e a n 
Var iance 
O b s e n e t i o n s 
H y p o t h e s i z e d M e a n Di f ference 
o n e r i l i 
P f T < - t ) two- ta l l 
է Cnt ica l two-taแ 
2.314286 1.885714 








t -Te s t T w o - S a m p l e A s s u m i n g U n e q u a l V a r i a n c e s 
2000-2001 
\/aňabh 1 Variable 2 
Mean 
Var iance 
O b s e n a t i o n e 
H y p o t h e s i z e d Mean Di f ference 
df 
ł S ta t 
P ( T < - t ) o n e - l · l l 
I Cr i t icai onv- ta i l 
P ( T < - t ) two֊tail 
է èrtile๗ Iwo- tฬ เ ՚ 
.918605 1.62069 
0.404557 
t - T e i t : T w o - 8 a m p ๒ A s s u m i n g U n e q u a l V a r i a n c e s 
2001-2002 1 า ！ 
V a r i a b l e 1 Variable 2 
.  Vart i 
31 29 O t e ' 
0 H y p 
55 df 
M e a n 
r iance 
O b s e f i e t i o n s 
rothesized M e a n Di f ference 
2.Ö32258 1.741935 
0.288926 0.314516 Щ 3 1 
P ( T < « 0 one - t i t l 
I c m t c a l ол іЧа І І 
P ( T < - t ) two֊t«il 





է - T · t f : T w o - S a m p l e A w i m i n g U n e q u a l V a r i a n c e s 
Vanabte 1 viable 2 
M e a n 
Va r i ance 
2 .207279 1.923201 
0 .036469 0 .053468 
o t w e n e t t o n e 6 6 
H y p o t h e s i z e d M e a n Dif ference 
<ff 
РҪГ<-1) о п е - Ш І 
է S ta t 
Ρ ( Τ · Ι ) ( Η _ -— 
է Cri t icat one-tat i 
P (T< - t ) two - tR Í t 
է Cnttc๗ two- łc i i 
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Appendix З 
Number of exam pass numbers for those passing both AS level Use ofEngUsh and 
Chinese Language and Culture, excluding AS level Use of English and Chinese 
Language and Culture 





















Í997 ！ і 
շ ՜ " 1 AL 4 3 0 
AS 
• -一 3 ՜ ՜ շ ՜ ՜ 
2 
1 








771 141 40 
154 
ļ 4632 
1015 410 ՚ 
6 6440 1：3351 1868 1660 
ÄC 
Äs 
Í 999 ľ 
134 
6767 
821 144 43 
4875 1208 499 
3555 2086 1779 
2000 
AL 4 ՜ - ү -՜ 2— 1 0 
AS ՜ 
շ 2 1 
շ 
-τ­
1 874 」 147 51 
2՜ 130 5022 1215 504 
ο 1 7108 3672 2068 
J 4874 1 
2001 
AL 4 3 2 1 ― —0 і 
AS 
4 1 
3 1 շ 
— 2՜ 1023 217 51 
1 114 5091 1196 577 
0 4 ļ 7474 3792 ~2023՜ 1790 
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Appęndix4 
4·1 Grade distribution of each cohort for Physics. Pure Maths, and Chemistry 
compared to HKAE average. 
Source: Hong Kong Examinations Authority, City University o f Hong Kong Registrars Off ice. 
Non- ITS C h e m i s t i y A L e v e l O r a d e 
NornwiMd 1θ9β 
ΓΓ8 C h e m i s t r y A L e v e l Grade 
Non-ns P h y s i c s A l e v ๗ G r a d e fTS Phys i cs A leve) O r a d e D is t r i bu t i on 




Note: No figures were available for 1996 entry. "Coarse" letter grades were only available for 
1997 entry; these have been converted to an equivalent " f i ne" score. 
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4.2 Grade distribution of each cohort for Use of English, and Chinese Language 
and Culture, AS level compared to HKAE average. 
Source: Hong Kong Exammations Authority, City University o f Hong Kong Registrars Off ice. 
NorMTร Use of Engltsh A levฝ Grade Distribution ITS Use of English A level Grade Distribution 
Hon4TS Chinese Language and сฟture A l e w i Grade 
Distr ibution 
rrs Chinese Language and сฬture A levet Grade Distr ibution 
1 
Grade IG 
Grade 9 Grade 4 
Grade 1 G r a d e ๖ 
Note: For 1996 and 1997 entry "coarse" letter grades only were available. These have been 
converted to an equivalent " f i ne" grade score. 
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Appendix 5 
Pre-test questions - part 1 




Non- ITB rrs 






一 4 7 
โTS 
—39 
0 1 - 0 2 
Non-ITS 
՜ 3 3 
п•ร 




Q u e s t i o n 2 D o y o u fe ^  c o m f o r t a b l e u s i n g £ c o m p u t e r ? 
96 -97 9 7 - 9 8 98>99 99 -00 00 -01 0 1 Ό 2 
Non- ITS ITS Non- ITS ITS Non-ITS rrs Non-ITS ITS Non-แร rrs Non-rrs ITS 
V e s 41 3 0 3 7 3 1 4 β 24 41 3 0 24 2 5 
No 17 9 11 10 12 7 7 9 9 4 
*- NorvlTS 
Q u e s t i o n 3 A r e y o u fami l i a r w i t h t h e In te rne t /www? 
96-97 97 -98 98 -99 99 -00 00 -01 0 1 - 0 2 
Non- ITS rrs Νοη- ίΤร ITS Non- ITS ÍTS Non- ITS rrs Non-rrs ITS Non- ITS ÍTS 
y e s 17 18 20 22 4 4 2 0 43 3 3 28 19 
No 4 0 21 28 19 16 11 5 6 5 10 
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Q u e s t i o n 4 D o v o u k n o w h o w to u s e E x c e l o r a n o t h e r s p r e a d s h e e t ? 
96-97 9 7 - 9 8 98 -99 99 -00 0 0 - 0 1 0 1 - 0 2 
N o n l T S rrs Noก-rrs ITS Non- ITS ITS Non- ITS ITS Νοη-σβ ITS Non- ITS ITS 
r e s 23 18 19 20 33 16 25 24 12 13 
No 35 21 29 21 27 15 23 15 21 16 
96-97 9 7 - 9 8 98-99 99 -00 00 -01 01 -02 
Non- ITS ITS Non-rrs ITS Non- ITS ITS Non- ITS ITS Non- ITS ITS Non- ITS ITS 
y e s 4β 31 33 29 51 23 39 35 27 23 
No 12 8 15 12 9 8 9 4 6 6 
9 d ' 0 0 
Cohor t 
Q u e s t i o n Б D o y o u k n o w h o w to u s e D b a s e o r a n o t h e r d a t a b a s e ? 
9β-97 9 7 - 9 8 38-39 ร 9 - 0 0 00-01 0 1 - 0 2 
Non-ITS ITS Non-rrs ITS N๐ท-ITS rrs Non- fTS ᅲS Non-rrs ITS Non - ITS tTG У м 8 7 θ 2 θ 4 7 6 5 3 No 4ธ 32 38 39 51 27 41 33 28 26 
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9ร'97 97 -98 98 -99 ผ - 0 0 00-01 0 1 - 0 2 
Non- ITS ITS Non- ITS ITS Non- ITS ITS Non-rrs rrs N๐ก-ITS ITS N o ก - แ ร M S 
Yes 2 0 16 10 15 2 5 8 15 15 4 9 
No 3 7 23 3 8 26 3 5 23 3 3 24 29 20 
Question 7 
Q u e s t i o n \ D o c o m p u t e r s help ļ r o u l e a m ? 
96-97 97 -98 38 -99 9 9 - 0 0 00-01 0 1 - 0 2 
Non- ITS ITS Non- ITS rrs Non- ITS ITS Non-rrs rrs Non- ITS ITS Non- ITS ITS 
Yůs 4 1 2 6 37 2 9 4 0 2 3 37 30 2 7 24 
No 16 13 11 12 2 0 8 11 9 6 5 
Q u e s t i o n 9 Do y o u e n j o y w o r k i n g o n a c o m p u t e r ? 
96 -97 97-98 98 -99 99 -00 00 -01 0 1 - 0 2 
Non- ITS ITS Non- ITS ITS Non- ITS ITS N o n l T S rrs N o n l T S ITS Non-U S I I S 
r e s 40 3 5 40 31 4 2 23 2 8 25 23 22 
No 17 4 8 9 18 8 2 0 14 10 7 
Q u e s t i o n 9 
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96-97 9 7 - 9 8 98 -99 9 9 - 0 0 004)1 0 1 - 0 2 
Non- ITS ITS Non- r rs ITS Non- ITS r rs Non- ITS ITS Non- tTS ITS N o n l T S ITS 
IS 2 8 15 2 5 16 12 10 12 θ 4 6 
6-10 14 12 16 8 17 7 13 9 9 Θ 
'10-15 10 7 3 ย 17 θ 14 6 11 6 
IB* θ ร 4 9 14 5 θ 14 θ 7 
tsuestionio 
96 -97 97 -98 98 -99 9 9 - 0 0 00֊01 0 1 - 0 2 
Non- ITS ITS Non- ITS ITS Non- ITS ITS Non- ITS rrs Non- r r s ITS Non- ITS แ ร 
y e s 9 3 2 9 5 0 38 4 5 37 5 6 2 9 4 5 3 5 31 28 
No 12 7 7 1 3 4 4 2 2 4 2 1 
Quest ion 11 
Q u e s t i o n 12 If y o u o w n a c o m p u t e r , d o e s it have a C D - R O M c a p a b i l i t y ? 
96 -97 97 -38 9 8 - 9 9 9 9 - 0 0 00-01 0 1 ง 2 
Non- ITS ITS Non-rrs โTS Non-rrs Մ Տ Noก- ÍTS ITS Non-rrs rrs Non-rrs ITS 
Yes 67 22 4 9 33 4 3 3 5 5 5 31 4 6 38 32 2 9 
No 32 10 7 6 3 4 4 0 2 1 1 0 
Quest ion 12 
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96-97 9 7 - 9 8 98-99 99-00 00 -01 0 1 - 0 2 
Non- r rs ITS Non- r r s ITS Non-rrs ITS Non - r r s ITS Non- ITS ITS Non- r r s rrs 
/ e s 11 6 7 7 17 IB 18 18 10 β 
No 4 5 33 41 32 4 3 16 2 9 21 23 23 
Non-ITS 
Q u e s t i o n 14 W h a t g r a d e d o y o u e x p e c t t o ge t firom th i s c o u r s e ? 
96 -97 97 -98 98 -99 99-00 00 -01 0 1 - 0 2 
Non- ITS ITS Non- ITS ITS Non- ITS ITS Non- ITS rrs Non- ITS ITS Non- ITS ITS 
A 10 7 8 3 16 7 9 9 8 6 
В 28 16 25 29 19 14 16 14 18 17 
С 16 16 13 6 21 8 14 13 5 5 
D 4 0 0 1 4 2 9 2 1 0 
Q u e s t í o n 15 W o u l d y o u be h a p p y to have s o m e of y o u r c o u r s e b a s e d on a s e l f - l e a m i n g m o d e u s i n g a c o m p u t e r w o r k s t a t i o n ? 
96 -97 97 -98 98 -99 99 -00 0 0 ง 1 0 1 - 0 2 
Non-ITS rrs Non-rโร ÎTS Non-ITS rrs Noท-ท•ร rrs Non-rrs ITS Νοπ֊σ5 ITS 
res 74 29 42 29 39 36 31 24 29 30 22 16 
No 31 7 15 10 8 4 29 7 23 9 11 13 
9 ^ - 9 9 99 -00 00 -01 0 1 - 0 2 
Cohor t 
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96-97 9 7 - 9 8 9 8 - 9 9 9 9 - 0 0 00-01 0 1 - 0 2 
Non [TS ITS N o n - a s ITS Noก- ITS r r s N o n l T S ÍTS N o n - r r s ITS Non- ITS r r s 
10% 9 շ 3 1 3 3 6 3 1 2 2 2 
20% 2 7 7 12 8 13 5 3 4 3 7 8 3 
3 0 % 17 В 15 10 9 11 8 6 9 6 6 6 
40% 8 4 6 4 6 5 θ 4 5 8 3 1 
ร0% 19 7 8 5 7 8 15 8 2 6 2 4 
60% 2 0 2 0 2 0 0 0 1 2 1 1 
70% 0 1 շ 1 0 3 0 0 3 0 0 0 
80% 0 1 0 2 0 1 0 0 1 1 1 0 
90% 0 0 0 1 0 0 0 0 0 0 0 0 





Q u e s t i o n 17 D o y o u o w n a m o d e m ? 
96 -97 9 7 - 9 8 98 -99 9 9 - 0 0 00-01 0 1 - 0 2 
Non- ITS ITS Non-rrs ITS Non- ITS rrs N o ก I T S r r s Non- ITS ITS Non- ITS rrs 
y e s 35 12 31 24 27 3 2 5 5 30 4 6 3 5 33 26 
No 69 2 3 26 14 21 9 4 1 2 3 0 2 
9 6 - 9 7 9 7 - 9 8 98 -99 9 9 - 0 0 00 -01 01 -02 
Non- ITS ITS Non- ITS r r s Non- ITS ITS Non- ITS n r s Non- ITS ITS Non- ITS ITS 
Yes 30 10 22 17 22 24 32 23 2 9 2Θ 22 17 
No 2 5 4 14 8 9 8 26 7 19 9 11 8 
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96-97 • 7 - β β 98 -99 9 9 - 0 0 0 0 - 0 1 0 1 - 0 2 
Non- ITS ITS Noก-โTS ITS Non- ITS rrs Non- ITS ITS Noก-ก•ร ITS Non-11 ร ITS 
E n g l i s h 18 9 13 5 1 5 11 8 3 13 9 6 8 
C h i n e s e 3 1 0 2 0 1 4 0 1 3 0 1 
M i x t u r e 8 0 2 6 4 3 32 3 2 2 9 4 8 2 8 3 4 27 2 β 20 
π π η: Π Π • Cłreseo๗ν 
•Ex^sho๗)r 
ΟΟΌΙ 01-02 
Q u e s t i o n 20 W h a t l a n g u a a e w o u l d y o u pre fer to have l e c t u r e s p r e s e n t e d ? 
96 -97 97 -08 98 -99 99 -00 00 -01 0 1 - 0 2 
Non- ITS ITS Non-rrs ITS Non - ITS ITS Non-rrs rrs Non- ITS rrs Non- ITS ÍTS 
E n g l i s h 17 8 14 7 15 15 10 3 10 11 9 2 
C h i n e s e 10 0 1 1 1 1 1 0 3 8 1 3 
M i x t u r e 7 8 28 4 3 31 3 1 25 49 27 35 2 0 2 2 2 4 
Hon- ITS Non- ITS Non- ITS 
ITS 1T6 ITS 
π , , π л J I 
Norv r r s Ņon-
ITS r re 98-99 I 99-00 I 00-01 I 01-02 
Cotwr t 
Q u e s t i o n 2 1 W h a t l a n g u a g e w o u l d y o u prefer t o have tu to r i a l s p r e s e n t e d ? 
96 -97 97 -98 9 8 - 9 » 99 -00 (Ю-ОІ 0 1 - 0 2 
Non- ITS r r s Г4оท-rrs r r s Non- ITS rrs Non- ITS โTS Non- ITS ITS N o n - I t s แ ร 
E n g l i s h 7 5 5 3 1 2 12 2 2 3 9 4 1 
C h i n e s e 14 5 3 2 7 7 8 4 8 10 3 3 




96-97 97-98 98-99 99-00 00-01 01-02 
Non-ITS ITS Non-iïS ITS Non֊rS rrs Non-ITSH rrs Non-rrs แร Non-ITS แร 
English 6 4 1 1 7 θ 4 1 2 6 2 1 
Chinese 23 6 4 5 7 4 14 7 7 13 3 4 




ÌHÉAn ๗ Еп(^ 
1СМпи.«% 
mil 
«Wb ITS Non- ITS N00֊ 
ITS ITS ITS 
Ө7-Ө6 I 9Ө-9Ө I Ө9-00 
Cohort 
(MMil I 01-02 
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Appendix 6 
Results of assessments by year of cohort 
study reported. Each year shows the results տ three ways, always comparing the inter-cohort 
analysis. 
Box and whisker plots 
The first is a box and whisker plot, with confidence intervals. The blue line series shows paramet­
ric statistics: the blue diamond shows the mean and the 68% confidence interval around the mean; 
the blue notched lines show the requested parametric percentile range. 
The notched box and whiskers show non-parametric statistics: the notched box shows the median, 
lower and upper quartiles, and confidence interval around the median; the dotted-line connects the 
nearest observations within 1.5 IQRs (inter-quartile ranges) o f the lower and upper quartiles; red 
crosses (+) and circles (o) ๒dicate possible outliers - observations more than 1.5 IQRs (near outliers) 
and 3.0 IQRs (far outliers) from the quartiles. These plots and charts have been generated using 
the Comparative Statistics package that comes in Analyse-It, an Excel add-on. 
Box-plots and parametric statistics 
statistics for each year. 
Standardised Effect Size calculations 
The second table below the box-plot shows the calculation o f effect size for each type o f assess­
ment, or outcome measure. It shows two sets o f statistics. The first is the Raw Difference; the other, 
the Standardised Effect Size. These statistics have been generated using an online package authored 
by Robert Coe o f Durham University, (http://www.cemcentre.org/ebeuk/research/effectsize/ 
Calculator.htm) 
The Raw Difference data includes: 
Pooled standard deviation; this is the pooled estimate o f standard deviation from both groups, 
based on the assumption that any différence between their SDs is only due to sampling variation. 
p-value for difference in SDs; this is the 'p-value' for an F"test o f whether their SDs are close 
enough to differ only by chance. It is the probability that a difference as big as this would have 
occurred i f the samples were drawn from the same population. Conventionally, values less than 
!55 
0.05 are taken to cast doubt on this assumption. 
Mean Difference; this is simply the différence between the two means. I f the outcome is meas­
ured on a familiar scale, this diiference is іпІефгеІаЬІе as the size o f the effect. 
p-value for mean d i f f (2-tailed t֊test); this is the 'p-value' for a standard t"test o f whether the null 
hypothesis that the two means are equal is true. It is the probability that a difference as big as this 
would have occurred i f the samples were drawn from the same population. Conventionally, val­
ues less than 0.05 are taken to cast doubt on this assumption, ie i f р < 0.05, the difference is 
unlikely to have arisen by chance and is said to be 'statistically significant'. 
Confidence interval for difference: lower and upper; the confidence interval is an alternative way 
to indicate the variabil ity in estimates from small samples. The default calculation here is a '95% 
confidence interval'. I f multiple samples o f two groups o f the same size as these, taken from a 
population in which the true difiference was the value in cthe mean difference column, there would 
be variation in the differences found. However, for every 100 samples taken, for 95 o f them (on 
average) the difference would be between the lower and upper confidence limits. The confidence 
interval is usually іпЇефгеІеіі as a 'margin o f uncertainty' around the estimate o f the difference 
between experimental and control groups. 
The Standardised Effect Size shows: 
Effect Size (ES); this is the difference between the two means, divided by the pooled estimate o f 
standard deviation. It calibrates the difference between the experimental and control groups (ie 
the effect o f the intervention) in terms o f the standard deviation. 
Bias corrected (Hedges); the effect size estimate is slightly biased and is therefore corrected using 
a factor provided by Hedges and Olk in (1985). 
Standard Error o f E.ร. estimate; this is a measure o f the amount the effect size estimate would 
vary i f you repeatedly took different samples. 
Confidence interval for EflFect Size: lower and upper; see above. 
Effect Size based on control group SD; In some cases it may not be appropriate to use a pooled 
estimate o f standard deviation, so the control group SD is used. 
For an explanation o f Effect Size in practical terms, reference is made to "Effect size", by Lee 
Becker o f Universi ty o f Colorado at Colorado Springs (http://davidmlane.com/hyperstat/ 
effect_size.html). Effect sizes can be thought o f as the average percentile standing of the average 
treated (or experimentei) participant relative to the average untreated (or control) participant. An 
ES o f 0.0 indicates that the mean o f the treated group is at the 50th percentile o f the untreated 
group. An ES o f 0.8 indicates that the mean o f the treated group is at the 79th percentile o f the 
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Effect Size Percentile Percent o f 
Standing Nonoverlap 
2.0 97.7 81 .1% 
1.9 97.1 79.4% 
1.8 96.4 77 4 % 
1.7 95.5 75.4% 
1.6 94.5 73 .1% 
1.5 93.3 70.7% 
14 91.9 68 .1% 
1.3 90 65.3% 
1.2 88 62.2% 
1.1 86 58.9% 
10 84 55.4% 
0.9 82 51.6% 
0.8 79 47.4% 
0.7 76 43.0% 
0.6 73 38.2% 
0.5 69 33.0% 
0.4 66 27.4% 
0.3 62 21.3% 
0.2 58 14.7% 
0.1 54 7.7% 
0.0 50 0% 
untreated group. An effect size o f 1.7 indicates that the mean o f the treated group is at the 95.5 
percentile o f the untreated group (see table above). 
Effect sizes can also be іпЇефгеЇес1 in terms o f the percent o f nonoverlap o f the treated group's 
scores wi th those o f the untreated group, see Cohen (1988， pp. 21-23) for descriptions o f addi­
tional measures o f nonoverlap. An ES ofo.o indicates that the distribution o f scores for the treated 
group overlaps completely wi th the distnbution o f scores for the untreated group, there is 0% o f 
nonoverlap. An ES o f 0.8 indicates a nonoverlap o f 47.4% in the two distributions. A n ES o f 1.7 
indicates a nonoverlap o f 75.4% in the two distributions. 
Meta-analyses 
The meta-analysis calculations were made using an MSDOS programme developed by David 
Kenny, at the Department ofPsychology, University o f Connecticut (http://users.rcn.coni/dakenny/ 
meta.htm). Although only the Effect Size was shown in the main body o f the thesis, the program 
calculates much more besides. The information shown for each calculation in this Appendix 
contains: the number o f studies, the average effect size, the effect size standard deviation, է test o f 
effect size, р value, fail-safeN, average d， average r， BESD (The B inomina l Ef fect Size Disp lay) , 
homogeneity o f effect sizes (chi square and р value), average z wi th р value and fail-safe N， and 





В в ธ ： 
ธ 丄 В 
Γπβ fît p r ies t me π 
pretest 
nt fin a mefìna mefìna īTt f l i a пвПาb r r t f n b me m b nt fin b 
ո M t i n S D S E 95%Cł ๙ M«an Median I Q R 95%Ci of Median 
me pratest IOS 64 210 1 1.1111 1.0843 62 05Ө to 66.360 66.000 14.000 62 .000 to 68.000 
mt p r* t a t t 35 66229 13.07Θ9 2 ^ 1 0 4 61.737 to 70.721 62.000 16.000 60.000 to 70.000 
me mld a 110 79.091 5.4541 0.5200 7β.0β0 to 80.122 so.ooo 6.667 80.000 to 80.000 
mt m i d a 3β 83.Ө81 4.6339 0.7723 82.414 to 85.549 83.333 3.333 83.333 to 86.667 
m« f in a mark 9 Š 5 0 . 6 9 3 7 . 5 0 7 2 0 . 7 7 0 2 4 9 . 1 6 3 to 5 2 ^ 2 2 5 1 . 2 0 0 1 0 . 1 0 0 4 9 . 4 0 0 to 5 3 . 4 0 0 
mt fint mark 34 58.694 6.3245 1.0847 56.487 to 60.901 58.600 7 7 5 0 55 .600 to 61.600 
m« fìn a «x ӨЗ 39.516 Θ.86Β3 1.0233 37.484 (๐41.548 39.000 13.000 37.000 to 42 ООО 
ա է Ո ո a · χ 34 48.765 9.0756 1.5565 45.598 «0 51.931 48.500 13.000 43.000 to 54.000 
m « f i n a mc 9 5 6 8 . 3 1 2 1 2 . 3 3 3 8 1 . 2 6 5 4 65 .eoo ID 7 0 . 8 2 5 6 8 . 9 6 6 1 3 . 7 9 3 
6 5 . 5 1 7 to 7 2 . 4 1 4 mt Ana mc 33 75.9β7 8.0632 1 ч о з ө 73.107 to 78.826 75.8Θ2 13.793 72.414 to 79.310 
me f ๒ a dvs 93 28.080 12.0384 1^481 25.601 to 30.559 27.143 17.143 25.714 tD 30.000 
m t n n a des 33 38.874 12.ΘΒ11 2 ^ 0 7 5 34.378 to 43.371 3 8 5 7 1 20.000 30.000 to 45.714 
me fínbmirk 109 56.239 11.1015 І .овзз 54.132 to 58.347 55.950 14.850 53.250 to 59.250 
m t Лп b mark 29 55.031 9.8393 1.8271 51.288 to 58.774 56.850 13.450 4 8 ^ 0 0 to 60.750 
η，· fln b «χ 109 47.844 13.Θ0ΘΘ 1.3036 45 2Θ0 to 50.428 49.000 16.000 46.000 to 50.000 m t fin b · κ 29 52.621 13.5209 2.5108 47.478 to 57.764 5 7 . 0 0 0 16.0Q0 49.000 to 62 ООО 
DATA ENTRY RAW DIFFERENCE STANDARDISED EFF ЕСТ SI2£ 
O u t c o m e 
m e a s u r e 
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C o n f i d e n c e 
t n t e r \ e l for 






















m e a n ท S D m e a n ņ S D l o w e r u p p e r l o w e r u p p e r 
p r e t e s t 6 6 . 3 3 5 1 3 . 0 7 6 4 . 2 1 0 5 1 1 . 1 1 1 1 . 6 2 0 , 1 4 2 . 1 0 0 . 3 6 - 2 . 3 9 6 59 0 . 1 8 0 . 1 8 0 20 - 0 . 2 0 0 . 5 6 0 . 1 9 
m i d a 8 3 . 9 8 3 6 4 . 6 3 7 9 1 1 0 5 . 4 5 5 , 2 6 0 . 1 4 4 . 9 8 0 . 0 0 2 . 9 8 6 . 9 8 0 . 9 5 0 . 9 4 0 . 2 0 0 . 5 5 1.33 0 . 9 1 
fin a m a r i t 5 8 . 7 3 4 6 . 3 2 5 0 . 6 9 9 5 7 . 5 1 7 . 2 2 0 . 1 3 8 . 0 1 0 . 0 0 5 . 1 5 1 0 , 8 7 1 .11 1.10 0 , 2 1 0 . 6 9 1 .52 1 .07 
fin a e x a m 4 8 . 7 7 3 4 9 . 0 7 3 9 . 5 2 9 3 9 . 8 7 9 . 6 6 0 . 3 0 9 . 2 5 0 . 0 0 5 . 4 1 1 3 . 0 8 0 . 9 6 0 . 9 5 0 . 2 1 0 . 5 4 1 .36 0 . 9 4 
fin a m c 7 5 . 9 7 3 3 8 . 0 6 6 8 . 3 1 9 5 1 2 . 3 3 1 1 . 4 0 0 . 0 0 7 . 6 6 0 . 0 0 3 . 1 0 1 2 . 2 2 0 . 6 7 0 . 6 7 0 . 2 1 0 . 2 6 1.07 0 . 6 2 
fin a d e s c 3 8 . 8 7 33 1 2 . 6 8 2 8 . 0 8 9 3 1 2 . 0 4 1 2 . 2 1 0 . 3 8 1 0 . 7 9 0 . 0 0 5 . 9 0 1 5 . 6 8 0 . 8 8 0 . 8 B 0 . 2 1 0 . 4 7 1 .29 0 . 9 0 
fin Ե m a r k 5 5 . 0 3 ае 9 . 8 4 5 6 . 2 4 1 0 9 1 1 . 1 1 0 . 8 5 0 . 2 4 ֊1.21 < 0 . 0 0 - 5 . 6 9 3 . 2 8 - 0 . 1 1 - 0 . 1 1 0 . 2 1 - 0 . 5 2 0 . 3 0 - 0 . 1 1 







пя putt IM fiimumi irnd л π· f kl • mm 
Mean 
к ml In« тлік πι 
SD SE 
•к mr ' ๒ · mc M f In • mc m« tn ft ò* 
Θ 5 % α ๙ Mean M e d ๒ ո 
i l ь mart ml lin b m 
IQR 95%CI of Median 
me ptest 58 56.207 13.7990 1.8119 52.579 to 59.835 55.000 18.000 52.000 to 62.000 
m t pretest 38 55.047 11.8046 1.9150 52.067 to 59.827 56.000 1β.500 52.ООО to 62.000 
me mid a eo 7 8 5 7 8 10.4059 1.3434 75.590 to ao.966 80.000 13.333 76.667 to 83.333 
m t m ฬ a ЗӨ 81.140 7.913В 1.2838 78.539 to 63.742 B3.333 9.167 80.000 to 83.333 
me fin a mark 55 53.385 7.7154 1.0403 51.300 to 55.471 55.Θ00 8.900 52.600 to 57.200 
mt Лпа mark 38 57.053 12.5602 2.0375 52.924 t o e i . 1 8 1 57.300 15.150 53.000 to 63.000 
me ftna ex 55 53.509 11.θ9β6 1.5772 50.347 to 56.671 56.000 12.000 52.000 to eo ooo 
m t Л п в ex 38 57.000 14.9648 2.4276 52.081 to 61.919 58.000 18.000 54 .000 to 65 .000 
me fin a mc 55 78.400 12.7099 1.7138 74.964 to 81.836 80.000 16.000 80.000 to 84.000 
m t fm a mc 37 77597 11.7777 1.9362 73.370 10 81.224 80.000 8.000 76.000 to 84.000 
me Ո ո a des 55 45.212 12.8Θ15 1.7342 41.735 to 48.689 45.333 16.Q00 41.333 to 52.000 
m t fìn a des 38 50.912 17.0661 2.7685 45.303 to 56.522 50.6β7 19.000 44.000 to61.333 
me f in b mark 55 40.160 9.8437 1.3273 37:499 to 42.821 3 9 6 0 0 13.000 34.600 to 44.400 
mt fìn to mark 38 40.611 12 1441 1.9700 3Θ Θ19 to 44.602 41.700 13.150 38.200 to 4 7 ^ 0 0 
me f in b ex 55 35.382 12.6630 1.7075 31.959 to 38.805 34.000 16.000 31.000 to 40.000 
mt f in b ex 38 3β.15β 14 6703 2.3798 31.338 to 40.980 38.500 1 7 ^ 5 0 31.000 to 44.000 
O u t c o m e 
m e a s u r e T r e a t m e n t д ю и р 
m e a n S D 
C o n t r o l g r o u p 
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C o n f i d e n c e 
IntenÆli for 
D i f f e r e n c e 
l o w e r 
STANDARDISED EFFECT SIZE 
u p p e ๆ 
x i 





5 ՜ m 
I ā 
C o n f i d e n c e 
I n t e n e ! for 
E f f e c t S i z e 
l o w e r u p p e r 
о m 




σ ร . 
p r e t e s t 
m r d a ― 
fin a matk 
fin a e x a m 
į f in a m c 
fin a d e s c 
fin b m a r k 
fin b ^ e x a m 
5 5 . 9 5 
7 7 . 3 
5 0 . 9 1 
4 0 . 6 1 
3 6 . 1 6 
1 1 . 8 0 5 6 . 2 1 5 8 
7.Θ1 
1 2 . 5 6 
1 4 . 9 6 
Í 1 . 7 B 
1 7 . 0 7 
1 2 . 1 4 
1 4 . 6 7 
7 8 . 2 8 6 0 
1 3 . 8 0 
1 0 . 4 0 
1 2 . 8 4 
5 3 . 3 Θ 
5 3 . 5 1 
7 8 . 4 
4 5 . 2 1 
4 0 . 1 6 







7 . 7 2 
11.701 
1 2 . 7 1 
1 2 . 8 6 
9 . 8 4 4 
1 2 . 6 6 
9 . 5 2 
9 . 9 7 
1 3 . 1 2 
1 2 . 3 5 
1 ՜4.72| 
1 0 . 8 4 
13.521 
0 . 1 2 
0 . 0 4 ! 
- 0 . 2 6 < 0 . 0 0 - 4 . 9 8 ֊0.02 -0.02 0 . 1 9 
! . 86 0 . 1 5 
0 . 0 0 
0 . 0 6 
0 . 3 2 
0 . 0 4 
3 . 6 7 
3 . 4 9 
- 1 . 1 0 
5770 
0 . 0 9 
0 . 1 7 
0 . 4 5 
0；78| 
0 . 0 Ց 
0 . 2 1 
֊1.05 
- 0 . 5 1 
֊2.01 
6 . 7 8 
7 . 8 4 
8 . 9 9 
0 . 3 0 
ն . 3 7 
0.30 
0.36 
0 . 2 1 
0 . 2 1 
- 0 . 3 8 
- 0 . 1 1 
- 0 . 0 5 1 
0 . 3 4 - 0 . 0 2 ā 
0 . 2 7 0.26 0 . 2 1 - 0 . 1 5 
< 0 . 0 0 
0 . 0 7 
oT84^ 
0 . 7 9 
֊6.32 4 . ' 
- 0 . 4 7 
֊4.09 
- 4 . 8 9 І 
4 . 9 9 
6.44 
֊0.09 
0 . 3 9 
•0.09 
0.38 
0 . 0 4 
0 . 0 6 
0.04 
0.06 
0 . 2 1 - 0 . 5 1 
0 . 7 1 
0 . 7 8 
0 . 6 8 
0 . 3 3 I 
0 . 2 8 
0 . 4 8 
0 . 3 0 
- 0 . 0 9 
0 . 2 1 
0 . 2 1 
- 0 . 0 3 
- 0 . 3 7 
0 . 8 0 
0 . 4 5 
- 0 . 3 6 0 . 4 7 
0 . 4 4 
o.oš 










mt mid me f in a nrt fin a me f mt f in a me f in a mt f in a me fin a n t f i n a me mid ทาtrrid me fin b mt fin b me f ї ї b mt fin b 






me me des de 
95%Clo f Mean Median 
) mark 
IQR 
marti ex ex 
9S%Clof M t d i a n 
me pretest 47 56.511 13.9032 2.0280 52.429 to 60.593 58.000 16.000 52.000 to 60.000 
mt pretest 41 58.341 7.9234 15374 55.841 to 60.842 58.000 10.000 56.000 to 64.000 
me mid a 47 79.220 17.4762 2.5492 74.089 to 84.351 83.333 13.333 76.667 ю 86.667 
mt mid a 39 89.573 10.2078 1.6346 86.264 to 92.882 90.000 13.333 83.333 to 96.867 
me fin a mark 45 3 7 ^ 4 9 7.1980 1.0730 
35.086 to 39.411 
37.500 6.900 3 4 ^ 0 0 to 39.500 
m t f i n a mark 3β 44.790 9 8527 1.5777 41 596 to 47 984 44.700 1 1 ^ 5 0 4 1 ^ 0 0 to 46 .500 
m« f in a ex 45 27.556 8.3600 15462 2S.044 to 30.067 27.000 11.000 23.000 to 30.000 
m t f in a ex 39 36.897 12.2771 1 9659 32.918 to 40.877 38.000 12.500 32 .000 to 42 .000 
me Пп a mc 45 51.556 11^241 1.6732 48.183 to 54.928 52.000 16.000 48.000 to 60.000 
m t fin a ЛІС 39 53.438 11.3689 1.8205 49.751 to 57.121 52.OQ0 16.000 48.000 to 5Ө.000 
m * f in a des 45 19.55Θ 10.1504 1.S131 16.506 to 22.605 21.333 12.000 14.667 to 22.687 
mt f in ι des 39 31.385 14.59Θ0 2 3377 26.652 to 36.117 32.000 14.000 26.667 to 37.333 
me mid b 45 24.289 16.9660 2 52Ց1 19.192 to 29.386 24.000 28.000 14.000 to 32.000 
mt m ฬ b 39 22.7βθ 13.1619 2.1076 18.503 to 27.036 23.000 1 5.000 16.000 to 25.000 
me fin b mark 44 38023 12.0667 1.8191 34.354 «0 41.691 37.000 14.250 32.000 №41.000 
m t f i n b mark 37 44.10В 13.2451 2.1775 39.692 to 48.524 44.000 18.000 36.000 to 49.000 
m « f l n b ex 44 33.500 15.5705 2.3473 28.766 to 3 8 ^ 3 4 33.000 19.500 25.000 to 37.000 
m t f in b «x 37 42.919 17.3067 2.8452 37.149 to 48.689 44.000 22.000 32 .000 to 50.000 
D A T A E N T R Y RAW DIFFERENCE STANDARDISED EFFECT SIZE 
O u t c o m e 























C o n f i d e n c e 
I n t e n e ! fo r 



































C o n f i d e n c e 
I n t e n s i for 


















m e a n ก S D m e a n ก S D l o w e r u p p e r l o w e r u p p e r 
p r e t e s t 5 8 . 3 4 4 1 7 . 9 2 5 6 . 5 1 4 7 13 .90 1 1 . 5 1 0 . 0 0 1.83 0 . 4 6 - 3 . 0 6 6 . 7 2 0 . 1 6 0 . 1 6 0 . 2 1 - 0 . 2 6 0 68 0 . 1 3 
m i d a 8 9 . 5 7 39 1 0 . 2 1 7 9 . 2 2 4 7 1 7 . 4 8 1 4 . 6 4 0 . 0 0 1 0 . 3 5 0 . 0 0 4 . 0 5 1 6 . 6 6 0 . 7 1 0 . 7 0 0 . 2 2 0 . 2 6 1.14 0 . 5 9 
f in a m a r k 4 4 . 7 9 3 9 9 . 8 5 3 7 . 2 5 4 5 7 . 2 0 8 . 5 3 0 . 0 3 7 . 5 4 0 . 0 0 3 . 8 3 11 2 5 0 . 8 8 0 . 8 8 0 . 2 3 0 . 4 3 1 .32 1 0 5 
fin a e x a m 3 6 . 9 0 3 9 1 2 . 2 8 2 7 . 5 6 4 5 8 . 3 6 1 0 . 3 6 0 . 0 1 9 . 3 4 0 . 0 0 4 . 8 3 1 3 . 8 5 0 . 9 0 0 . 8 9 0 . 2 3 0 . 4 4 1.34 1 .12 
fin a m c 5 3 . 4 4 3 9 1 1 . 3 7 5 1 . 5 6 4 5 1 1 . 2 2 1 1 . 2 9 0 . 4 7 1 .88 0 . 4 5 - 3 . 0 3 6 . 7 Đ 0 . 1 7 0 . 1 6 0 . 2 2 ֊0.26 0 . 5 9 0 . 1 7 
f in a d e s с 3 1 . 3 9 39 1 4 . 6 0 1 9 . 5 6 4 5 1 0 . 1 5 1 2 . 4 1 0 . 0 1 1 1 . 8 3 0 . 0 0 6 . 4 3 1 7 . 2 3 0 . 9 5 0 . 9 4 0 . 2 3 0 . 4 9 1 .40 1 . 1 7 
m i d b 2 2 . 7 7 3 9 1 3 . 1 6 2 4 . 2 9 4 5 1 6 . 9 7 1 5 . 3 2 0 . 0 6 - 1 . 5 2 < 0 . 0 0 - 8 . 1 9 5 . 1 5 - 0 . 1 0 - 0 . 1 0 0 . 2 2 - 0 . 5 3 0 . 3 3 - 0 . 0 9 
fin b m a r k 4 4 . 1 1 3 7 1 3 . 2 5 3 8 . 0 2 4 4 1 2 . 0 7 1 2 . 6 2 0 . 2 8 6 . 0 8 0 . 0 3 0 . 4 8 1 1 . 6 9 0 . 4 8 0 . 4 8 0 . 2 3 0 . 0 3 0 . 9 2 0 . 5 0 







r ī t md a ιτβΓπ a nrtrrid b me f 
pietest pretest 
ո Mean SD SE 95%С І of Mean Medían IQR 95%CI of Median 
me pretest 43 67.256 12.0793 1.&421 63 538 to 70.973 66.000 Ι β ο ο ο 64.000 to 72.000 
mt pretest 31 67.742 13.8443 2.4865 62.664 to 72.820 72 ООО 12.000 68.000 to 76.000 
me mid a շ 0.000 - - - to- 0.000 0.000 - to-
m t m k l a 2 0.000 - - to - ū.ooo 0.000 - to-
m t Лпа mark 63 5 0 ^ 7 0 8.64S2 1.0892 48.093 to 52.447 51.200 11.350 47.400 to 53.900 
m t f k i a mark 40 44.435 10.5353 1.665Θ 41.066 to 47.804 45.550 15.950 41.200 to 49.300 
me f in 龜 ex 63 46.413 10.8146 1.3625 43.689 to 49.136 48.000 15.000 42.000 to 50.000 
m t f i n a · χ 38 •42.211 10.7858 1.7497 38 665 to 45.756 42.500 13.750 39.000 to 47.000 
m * f i n a mc 2 0.000 - - - to- 0.000 0.000 - to -
m t f l n a mc 2 0.000 - - - 10- 0.000 0.000 - to-
m * f ๒ · des 2 0 000 了 - to - 0.000 0.000 - to-
mt f in a des շ 0.000 - - - to - 0.000 0.000 - to -
m« m K i b շ 0.000 - - to- 0.000 0.000 - Ι ο ­
m t m M b 39 28.154 1 β . 9 5 ฬ 3.0350 22 010 to 34.298 28.000 31.000 ί 2.ООО to 38.000 
m * fin b mark 2 0.000 - - - to - 0.000 0.000 - to­
m t f l n bmarfc 38 66 .969 12.6391 2.0503 62 815 to 71.124 67.755 17.033 e i . 6 0 0 (0 73.620 
m * f in b #ж 2 0.000 - - to - 0.000 0.000 - t o -mt f in b · χ 38 56.368 14.4174 2.3388 51.630 to 61 107 60 ООО 20000 49.000 to 63.000 
O u t c o m e 
m e a s u r e 
p r e t e s t 
fin a m a r k 
f in a e x a m 
T r e a t m e n t g r o u p 
m e a n 
6 7 . 7 4 
4 4 4 4 
4 2 . 2 1 
SD 
1 3 . 8 4 
1 0 . 5 4 
1 0 . 7 9 
C o n t r o l g r o u p 
m e a n 
6 7 . 2 6 
5 0 . 2 7 





8 .65 ! 
1 0 . 8 1 
RAW DIFFERENCE STANDARDISED EFFECT SIZE 
І І 
9 . 4 2 
1 0 . 8 0 
І І 
І 
0 . 2 2 
0 . 5 0 
0 . 4 8 
- 5 . 8 3 




0 . 8 7 
< 0 . 0 0 
< 0 . 0 0 
In te rva l for 
D i f f é r e n c e 
l o w e r 
- 5 . 5 5 
- 9 . 6 1 
֊8.60 
u p p e r ļ 
6 . 5 1 
- 2 . 0 5 
0 . 2 0 
0 . 0 4 
- 0 6 2 
- ง . 3 9 
ร . 8 
է § 
0 . 0 4 
- 0 . 6 1 





0 . 2 1 
C o n f i d e n c e 
In te rva l for 
E f f e c t S i z e 
l o w e r 
- 0 . 4 2 
- 1 . 0 2 
- 0 . 7 9 
u p p e r 
0 . 5 0 
֊0.21 
0 . 0 2 
II 
๐ I 
0 . 0 4 
- 0 . 6 7 






młnid a me f ๒ a 
mark 
rrt fin a me тю b fît îTİd b me f rrt № b mo f 
ո Mean SD SE 95%Cl of Mean Median łQR 95%С! of Median 
m« pretest 43 52.279 11.9967 1.8295 48.587 to 55.971 52.000 14.000 48.000 to 54.000 
m t pr«te»t 33 53.345 14.6095 2.5432 48.164 to 58.525 56.604 1β.»81 49.057 to 6 2 ^ 6 4 
me m M a 45 84.815 7 7 3 8 0 1.1535 82.490 to 87 140 86.667 10.000 83.333 to 90.000 
mt m M • 34 84.020 8.5587 1.4678 81.033 to 87.006 86.667 12.500 83.333 to 90.000 
ι η · f in a mark 50 55.028 11.9003 1 безо 51.646 to 58.410 55.050 15.400 49.900 to 60 500 
m t f ๒ « mark 40 5 8 ^ 7 3 14.6153 2.3109 53.598 to 62.947 61.350 20 150 53.900 10 68.100 
me f in a ex 50 54.980 14.3292 2.0265 50.908 to 59.052 58.500 22.000 50.000 to 61 ООО 
m t f ì n a ex 39 60.590 14.5054 2.3227 55.888 to 6ร.292 64.000 19.500 53.000 to 71 ООО 
me f(n a me 44 70.364 102187 1.5405 6 7 2 5 7 to 73.470 70.000 12 ООО 68.000 to 76.000 
m t f№ a mc 34 73.412 10.7368 1.8414 69 666 to 77 158 76.000 В.ООО 72.000 to 80.000 
me fina dea 45 50.311 17.6782 2.6353 45.000 to 55.622 49.333 25.333 42.867 to 57.333 
mt fin a á*s 34 56.745 18.9735 " 5 3 9 50.125 to 63.365 61 333 22.000 50.667 to 69.333 
me mid b 46 28.804 20.3815 3.0051 22.752 to 34.857 27.000 31.500 16.000 to 36.000 
mt mM b 35 34.629 197202 3.3333 27.854 to 41.403 30.000 21.500 25.000 to 36.000 
m « Ո ո b mark 46 51.685 17.6799 2.6068 46.435 to 56.935 04.050 24.725 47.400 to 64.000 
mt f in b m i r k 39 56.705 13.0189 2.0847 52.485 to 60.925 57.900 14.900 52.900 to 62 500 
me fìn b o x 43 57.767 16 6531 2.5396 52.642 to 62.893 60.000 29.S00 50.000 to 70.000 
mt กก b ex 39 β0.513 15.2882 2 4 4 8 1 55 557 to 65.469 60.000 19.500 55.000 to 70.000 
D/ iT A E NTRV RAW DIFFERENCE STANDARDISED EFFECT SIZE 
O u t c o m e 












diff (2-4ailed T"test) 
C o n f i d e n c e 
I n t e n a l for 















C o n f i d e n c e 
InterNel for 


















m e a n ո S D m e a n ก S D l o w e r u p p e r l o w e r u p p e r 
p r e t e s t 5 3 . 3 5 3 3 1 4 . 6 1 Ь2 28 4 3 1 2 . 0 0 1 3 . 1 9 0 . 1 2 1 .07 0 . 7 3 - 5 . 0 2 7 . 1 5 0 . 0 8 0 . 0 8 0 . 2 3 - 0 . 3 7 0 . 5 3 0 . 0 9 
m i d a 8 4 . 0 2 3 4 8 . 5 6 8 4 . 8 2 4 5 7 . 7 4 8 . 1 0 0 . 2 8 ֊0.80 < 0 . 0 0 - 4 . 4 6 2 . 8 7 - 0 . 1 0 - 0 . 1 0 0 . 2 3 - 0 . 5 4 0 . 3 5 - 0 . 1 0 
fin a mark 5 8 . 2 7 4 0 1 4 . 6 2 5 5 0 3 5 0 1 1 . 9 0 1 3 . 1 7 0 . 0 9 3 . 2 5 0 . 2 5 ֊2.31 8.BO 0 . 2 5 0 . 2 4 0 . 2 1 ֊0.17 0 . 6 6 0 . 2 7 
fin a e x a m 6 0 . 5 9 3 9 1 5 . 5 1 5 4 . 9 8 5 0 1 4 . 3 3 1 4 . 8 5 0 . 3 1 5 . 6 1 0 . 0 8 ֊0.70 1 1 . 9 2 0 . 3 8 0 . 3 7 0 . 2 2 - 0 . 0 5 0 . 8 0 0 , 3 9 
f in a m c 7 3 . 4 1 3 4 1 0 . 7 4 7 0 . 3 6 44 1 0 . 2 2 1 0 . 4 5 0 . 3 9 3 . 0 5 0 , 2 1 - 1 . 7 0 7 . 8 0 0 . 2 9 0 . 2 9 0 . 2 3 - 0 . 1 6 0 . 7 4 0 . 3 0 
f in a d e s c 
m i d b 
5 6 . 7 5 
3 4 . 6 3 
3 4 
3 5 
1 8 . 9 7 
1 9 . 7 2 
5 0 . 3 1 
2 8 . 8 0 
4 5 
4 6 
1 7 . 6 8 
2 0 . 3 8 
1 8 . 2 4 
2 0 . 1 0 
0 . 3 4 
0 . 4 3 
6 4 3 
5 . 8 3 
0 . 1 2 
0 . 2 0 
- 1 . 8 2 
- 3 . 1 5 
1 4 . 6 9 
1 4 . 8 0 
0 . 3 5 
0 . 2 9 
0 . 3 5 
0 . 2 9 
0 . 2 3 
0 . 2 3 
- 0 . 1 0 
֊0.15 
0 . 8 0 
0 . 7 3 
0 . 3 6 
0 . 2 9 
fin b m a r i t 5 6 . 7 1 3 9 1 3 . 0 2 5 1 . 6 9 4 6 1 7 . 6 8 1 5 . 7 2 0 . 0 3 5 . 0 2 0 . 1 5 - 1 . 7 9 1 1 . 8 3 0 . 3 2 0 . 3 2 0 . 2 2 - 0 . 1 1 0 . 7 5 0 . 2 8 









υ 1 1— tīM э Rt ΓτΜ a me Γη 8 nt f n a me f ո a rrt fri a me în a fTt f i i a me f n a nt fin a r ne nid b mt nid b me № ь rrt f ī l b me fin b nt fin b 
pretest pretest mark mark ек e> π 1С mc des des mark mark ex ex 
Mean SD SE 95%С1ММввп Median IQR 9S%CI of Median 
m * pretest 33 45.273 10.8952 1.8966 41.409 to 49 136 46.000 16.000 40.000 to 50.000 
m t pratest 29 50.897 11.2578 2.0905 46.614 to 55.179 50.000 14.000 42.000 to 56.000 
m« mld a 34 82.549 8 1674 1.4007 79.699 to 85.399 85.000 12.500 80 000 ๒ 8 6 . 6 6 7 
m t mld a 34 86.961 5.5273 0.9479 85.032 to 88.889 90.000 6.667 83 333 to 90.000 
m« fin ш mark 34 51.624 11.2001 1.9208 47.717 to 55.532 49.345 11.340 46.010 to 5 5 ^ 0 0 
mt f in • mark 36 57.166 11.8334 1.9722 53.162 to 61.170 57.740 17.905 50.190 to 65.970 
m * f in » «x 34 49.941 14.23S1 2.4418 44.973 to ร4.909 47.500 13.000 42.000 to 53.000 
m l ftn · ШЖ 3β 55.917 15.3816 2.5636 50.712 to 61.121 55.000 25.000 49 .000 to 66.000 
m» fin ш mc 34 20 941 2.8278 0 4 8 5 0 19.955 ю 2 1 . в 2 в 21.000 4.000 20.000 to 23.000 
m l fln· mc 3β 22.056 1.9704 0.3284 21.389 to 22 722 23.000 2.000 22.000 to 23.000 
m« f ๒ a des 34 29.000 12.9521 2 ^ 2 1 3 24.481 to 33.519 27.000 15.750 21.000 to 31.000 
mt f in 1 des 3β 33.861 14.4542 2.4090 28.971 to 38.752 32.000 23.750 26.000 to 43.000 
me m ฬ b 38 21.485 12 9111 20945 17541 to 25.72Ө 20.714 19.286 13.571 to 29.286 
m t m ฬ b 35 23.735 11.9925 2.0271 19.Ө15 to 27.854 21.429 15.714 17.143 to 27.857 
ma Ո ո b m i r k 39 39.603 14.6874 2.3519 34.842 to 44.364 42 090 14.540 34.190 to 47.660 
mt № ь mark 35 42.409 11.4β23 1.9375 38.472 to 46.347 42.320 17.370 3 7 ^ 0 0 to 50.480 
m« f ifţ b · χ 37 40.135 14.6764 2.4128 3 5 ^ 4 2 to 45.029 3 9 0 0 0 17.000 32.000 to 48.000 
m t Ո ո b · κ 35 40.229 14.7151 2.4873 35.174 to 4 5 ^ 8 3 40.000 22.000 32.000 to 50.000 
DATA ENTRY RAW DIFFERENCE STANDARDISED EFFECT SIZE 
O u t c o m e 











diff (2-tailed T-test) 
C o n f i d e n c e 
เ ก t e n e l for 




































C o n f i d e n c e 
In te rva l for 



















m e a n ก S D m e a n ท S D l o w e r u p p e r l o w e r u p p e r 
p r e t e s t 5 0 . 9 0 2 9 1 1 . 2 6 4 5 ^ 7 3 3 1 0 . 9 0 1 1 . 0 7 0 . 4 3 5 . 6 2 0 . 0 5 - 0 . 0 1 1 1 . 2 6 0 . 5 1 0 . Б 0 0 . 2 6 0 . 0 0 1.01 0 . 5 2 
m i d a 8 6 . 9 6 3 4 5 . 5 3 8 2 . 5 5 ՜ 3 4 8 . 1 7 6 . 9 7 0 . 0 1 4 . 4 1 0 . 0 1 1 . 0 4 7 . 7 9 0 . 6 3 0 . 6 3 0 . 2 5 0 . 1 4 1 . 1 1 0 . 5 4 
f in a m a r k 5 7 . 1 7 3 6 1 1 . 8 3 5 1 , 6 2 3 4 1 1 . 2 0 1 1 . 5 3 0 . 3 7 5 . 5 4 0 . 0 5 0 . 0 4 1 1 . 0 4 0 . 4 8 0 . 4 8 0 . 2 4 0 . 0 0 0 . 9 5 0 . 4 9 
f i n a e x a m 5 5 . 9 2 3 6 1 5 . 3 8 4 9 . 9 4 34 1 4 . 2 4 1 4 . 8 4 0 . 3 3 5 . 9 8 0 . 1 0 ֊1.10 1 3 . 0 6 0 . 4 0 0 . 4 0 0 . 2 4 - 0 . 0 8 0 . 8 7 0 . 4 2 
fin a m c 2 2 . 0 6 3 6 1 .97 2 0 . 9 4 3 4 2 . 8 3 2 . 4 2 0 . 0 2 1 .12 0 . 0 6 - 0 . 0 4 2 . 2 7 0 . 4 6 0 . 4 6 0 . 2 4 - 0 . 0 2 0 . 9 3 0 . 3 9 
f in a d e s c 3 3 . 8 6 3 6 1 4 . 4 5 2 9 . 0 0 3 4 1 2 . 9 5 1 3 . 7 5 0 . 2 6 4 . 8 6 0 . 1 4 - 1 . 7 0 1 1 . 4 2 0 . 3 5 0 . 3 5 0 . 2 4 - 0 . 1 2 0 . 8 2 0 . 3 8 
m i d b 2 3 . 7 4 35 1 1 . 9 9 2 1 . 4 9 3 8 1 2 . 9 1 1 2 . 4 8 0 . 3 3 2 . 2 5 0 . 4 4 - 3 . 5 8 8 . 0 8 0 . 1 8 0 . 1 8 0 . 2 3 - 0 . 2 8 0 . 6 4 0 . 1 7 
f i n b m a r k 4 2 . 4 1 3 5 1 1 . 4 6 3 9 . 6 0 3 9 1 4 . 6 9 1 3 . 2 6 0 . 0 7 2 . 8 1 0 . 3 7 - 3 . 3 5 8 . 9 6 0 . 2 1 0 . 2 1 0 . 2 3 - 0 . 2 5 0 . 6 7 0 . 1 9 
f i n Ե e x a m 4 0 . 2 3 3 5 1 4 . 7 2 4 0 . 1 4 3 7 1 4 . 6 8 1 4 . 7 0 0 . 5 0 0 . 0 9 0 . Ց 8 - 6 . 8 2 7 . 0 0 0 . 0 1 0 . 0 1 0 . 2 4 - 0 . 4 6 0 . 4 7 0 . 0 1 
163 
Meta-analysis results 
Effect size measure is Cohen's d. Transformation: Hedges 
1990-97 Semester A 
Study number: 5 
Average effect size: .9084 
է test o f effect size: 12.8836 
Average d: .9137 
Homogeneity o f effect sizes: 
Average Z: 9.8334 
Average t: 10.1806 
1996- 97 Semesters 
Study number: 2 
Average efifect size: .1194 
է test o f effect size: .5186 
Average d: .1201 
Homogeneity o f effect sizes: 
Average Z: .8055 
Average t: .8069 
1997- 98 Semester A 
Study number: 5 
Average effect size: .2443 
է test o f effect size: 2.8416 
Average d: .2463 
Homogeneity o f effect sizes: 
Average Z: 2.5952 
Average t: 2.5933 
1997- 98 รemesterB 
Study number: 3 
Average effect size: .3163 
է test o f effect size: 1.5137 
Average d: .3194 
Homogeneity o f efifect sizes: 
Average Z: 2.4197 
Average t: 2.4440 
1998- 99 Semester A 
Subject N: 656 
Effect size sd: .1577 
р value: .00029 df: 4 
Average r: .3727 
Chi square: 2.2938 
р value: .00001 
р value: .00001 
Subject N: 276 
Effect size sd: .3257 
р value: .73003 df: 1 
Average r: .0486 
Chi square: 2.4165 
р value: .42056 
р value: .41974 
Subject N: 470 
Effect size sd: .1922 
р value: .04925 đf: 4 
Average r: .1203 
Chi square: 3.3080 
р value: .00945 
р value: .00951 
Subject N: 246 
Effect size sd: .3620 
ρ value: .28457 df: 2 
Average r: .1550 
Chi square: 5.3291 
ρ value: .01553 
ρ value: .01453 
Fail-safe N: 212 
BESD: .3137 to .6863 
ρ value: .68190df: 4 
Fail-safe N: 121 
Fail-safe N: 130 
BESD: .4757 to .5243 
ρ value: .12006 df: 1 
Fail-safe N: 6 
BESD: .4399 to .5601 
ρ value: .50766 df: 4 
Fail-safe N: 4 
Fail-safe N: 4 
BESD: .4225 to .5775 
ρ value: .06963 df: 2 
Fail-safe N: 2 
Fail-safe N: 2 
Study number: 2 
Average effect size: -.4999 
է test o f effect size: -4.3827 
Average d: -.5037 
Homogeneity o f effect sizes 
Average Z: -3.4338 
Average t: -3.4668 
Subject N: 204 
Effect size sd: .]613 
ρ value: .22021 df: 1 
Average Γ: -.2391 
Chi square: .6078 
ρ value: .00060 
ρ value: .00053 
BESD: .6195 to .3805 
ρ value: .43563 df: 1 
Fail-safe N: 5 
Fail-safe N: 5 
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2000-01 Semester A 
Study number: 5 
Average effect size: .2318 
է test o f effect size: 2.7108 
Average d: .2339 
Homogeneity o f effect sizes: 
Average Z: 2.3566 
Average t: 2.3513 
2000- 01 Semester В 
รณdy number: З 
Average effect size: .2577 
է test o f effect size: 5.7348 
Average d: .2602 
Homogeneity o f effect sizes: 
Average Z: 2.0239 
Average t: 2.0149 
200Î-02 Semester A 
Study number: 5 
Average effect size: .4612 
է test o f effect size: 9.8996 
Average d: .4664 
Homogeneity o f effect sizes; 
Average Z: 4.2627 
Average t: 4.2796 
2001- 02 Semesters 
Study number: 3 
Average effect size: .1316 
է test o f effect size: 2.0861 
Average d: .1330 
Homogeneity o f effect sizes: 
Average Z: .9805 
Average t: .9724 
Pre-test all cohorts 
Study number: 6 
Average effect size: .1562 
է test o f effect size: 2.067 ใ 
Average d: .1578 
Homogeneity o f effect sizes: 
Average Z: 1.6465 
Average t: 1.6456 
Subject N: 415 
Effect size sd: .1912 
р value: .05608 df: 4 
Average r: .1158 
Chi square: 2.8679 
р value: .01845 
р value: .01871 
Subject N : 248 
Effect size sd: .0778 
Р value: .03837 df: 2 
Average r: .1297 
Chi square: .2480 
р vaJue: .04298 
р value: .04392 
Subject N: 348 
Effect size sd: .1042 
р value: .00076 df: 4 
Average r: .2295 
Chi square: .7197 
р value: .00002 
р value: .00002 
Subject N: 219 
Effect size sd: .1093 
р value: .18798 df: 2 
Average r: .0670 
Chi square: .4319 
р value: .32684 
р value: .33086 
Subject N: 536 
Effect size sd: .1851 
р value: .09548 df: f 
Average r: .0763 
Chi square: 2.8548 
р value: .09967 
р value: .09984 
BESD: .4421 to .5579 
р value: .58018 df: 4 
Fail-safe N: 3 
Fail-safe N: 3 
Fail-safe N: 23 
BESD: .4351 to .5649 
р value: .88339 df: 2 
Fail-safe N: 1 
Fail-safe N: 1 
Fail-safe N: 123 
BESD: .3853 to .6147 
р value: .94888 df: 4 
Fail-safe N: 19 
Fail-safe N: 19 
BESD: .4665 to .5335 
р value: .80576 df: 2 
BESD: .4618 to .5382 
р value: .72236 df: 5 
Mid-semester A test all cohorts (except 1999-2000) 
ร ณ d y number: 5 
Average ef fect size: .4934 
Subject N : 477 
Ef fec t size sd: .4026 
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է test o f ef fect size: 2.7402 
Average d: .4974 
Homogeneity o f effect sizes: 
Average Z: 5.1090 
Average t: 5.2216 
р value: .05445 df: 4 
Average r: .2235 
Chi square: 13.7851 
р value: .00001 
р value: .00001 
Finą l ąssęssment mąrk Semester A all cohorts (except 1999-2000) 
BESD: .3882 to .6118 
p value: .00801 df: 4 
Fail-safe N: 29 
Fail-safe N: 31 
Study number: 5 
Average effect size: .6125 
է test o f effect size: 3.7762 
Average d: .6175 
Homogeneity o f effect sizes: 
Average Z: 6.2331 
Average t: 6.4114 
Subject N: 466 
Efifect size sd: .3627 
p value: .02115 df: 4 
Average Г: .2777 
Chi square: 11.3898 
p value: .00001 
p value: .00001 
Final exammation mark Semester A all cohorts (except 1999-2000) 
Stody number: 5 
Average efifect size: .5786 
է test o f effect size: 3.9921 
Average d: .5832 
Homogeneity o f effect sizes: 
Average Z: 6.3717 
Average t: 6.5526 
Subject N: 495 
Effect size sd: .3241 
p value: .01774 df: 4 
Average r: .2725 
Chi square: 10.4392 
p value: .00001 
p value: .00001 
Fail-safe N: 14 
BESD: .3611 to .6389 
p value: .02252 df: 4 
Fail-safe N: 46 
Fail-safe N: 49 
Fail-safe N: 16 
BESD: .3637 to .6363 
p value: .03364 df: 4 
Fail-safe N: 48 
Fail-safe N: 51 
Final multiple choice examination marks Semester A all cohorts (except 1999-2000) 
Study number: 5 
Average effect size: .2518 
է test o f effect size: 1.8325 
Average d: .2539 
Homogeneity o f effect sizes: 
Average Z: 2.5825 
Average t: 2.6023 
Subject N: 454 
Efifect size sd: .3073 
p value: .14414 df: 4 
Average r: .1165 
Chi square: 8.3843 
p value: .00981 
p value: .00926 
BESD: .4417 to .5583 
p value: .07847 df: 4 
Fail-safe N: 4 
Fail-safe N: 4 
F๒al dęscriptive exammation mark Semeş terAall cohorts (except 1999-2000) 
Study number: 5 
Average effect size: .5812 
է test o f effect size: 4.2945 
Average d: .5862 
Homogeneity o f effect sizes: 
Average Z: 5.8979 
Average t: 6.0308 
Subject N: 455 
Effect size sd: .3026 
p value: .01401 df: 4 
Average r: .2677 
Chi square: 7.3340 
p value: .00001 
p value: .00001 
Fail-safe N: 20 
BESD: .3661 to .6339 
p value: .11926 df: 4 
Fail-safe N: 41 
Fail-safe N: 43 
Mid-semesţer в test all cohorts (except 1999-2000) 
Study number: 3 
Average effect size: .1225 
է test o f effect size: 1.0671 
Average d: .1237 
Homogeneity o f effect sizes: 
Average Z: .9214 
Subject N: 238 
Effect size sd: .1988 
p value: .41097 df: 2 
Average r: .0616 
Chi square: 1.6064 
p value: .35682 
BESD: .4692 to .5308 
p value: .44790 df: 2 
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Average է։ .9171 р value: .35910 
Final assessment mark Semester в all cohorts (except 1999-2000) 
Study number: 5 
Average effect size:. 1869 
է test o f effect size: 1.8157 
Average d: .1888 
Homogeneity o f effect sizes: 
Average Z: 1.8547 
Average t: 1 8585 
Subject N : 471 
Effect size sd: .2301 
р value: .14691 df: 4 
Average r: .0954 
Chi square: 4.5045 
р value: .06363 
р value: .06310 
BESD: .4523 to .5477 
р value: .34201 df: 4 
Final examtoaţion mąrk Semester в al l cohorts (except 1999-2000) 
Study number: 5 
Average effect size: .2304 
է test o f effect size: 2.2313 
Average d: .2323 
Homogeneity o f effect sizes: 
Average Z: 2.3511 
Average t: 2.3575 
Subject N: 466 
Effect size sd: .2309 
p value: .09252 df: 4 
Average r: .1079 
Chi square: 4.1980 
p value: .01872 
p value: .01840 
BESD: .4461 to .5539 
p value: .37987 df: 4 
Fail-safe N: 3 
Fail-safe N: 3 
Semester A all assessments except pre-test all cohorts (except 1999-2000) 
Study number: 25 
Average effect size: .5123 
է test o f effect size: 7.7719 
Average d: .5165 
Homogeneity o f effect sizes: 
Average Z : 11 6774 
Average t: 11.9359 
Subject N: 2311 
Effect size sd: .3296 
p value: .00001 df: 24 
Average Г: .2346 
Chi square: 55.4344 
p value: .00001 
į value: .00001 
Semester В all assessments all cohorts (except 1999-2000) 
Study number: 13 
Average effect size: .1888 
է test o f effect size: 3.2521 
Average d: .1905 
Homogeneity o f effect sizes: 
Average Z: 3.0517 
Average t: 3.0555 
Subject N : 1175 
Effect size sd: .2093 
p value: .00702 df: 12 
Average r: .0924 
Chi square: 10.8112 
p value: .00228 
p value: .00225 
A l l assessments both semesters for all cohorts (except 1999-2000) 
Study number: 38 
Average effect size: .4016 
է test o f effect size: 7.5038 
Average d: .4050 
Homogeneity o f effect sizes: 
Average Z: 11.2566 
Average t: 11.4680 
Subject N : 3486 
Effect size sd: .3299 
p value: .00001 df: 37 
Average r: .1860 
Chi square: 85.6230 
p value: .00001 
p value: .00001 
Fail-safe N: 369 
BESD: .3827 to .6173 
p value: .00027 df: 24 
Fail-safe N: 863 
Fail-safe N: 903 
Fail-safe N: 23 
BESD: .4538 to .5462 
p value: .54516 df: 12 
Fail safe N: 19 
Fail-safe N: 19 
Fail-safe N: 519 
BESD: .4070 to .5930 
p value: .00001 df: 37 
Fail-safe N: 1216 
Fail-safe N: 1263 
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Append ix 7 
RP ι questionnaire responses 
No fb respondents 45 


















Question 2 60-80% 
20-40% 
Questions: Other than schoolwork, what computer application takes up most of your time? 
No. % 
Email/chat room 32 53.33 
Games 12 20.00 
Shopping/commerce 2 3.33 
Just surfìng 11 18.33 














Question 4: How many studio-type courses һа\ю you taken before this one? 
No. % 
0 0 0.00 
1 2 4.44 
2 11 24.44 
3 7 15.56 
4 or more 25 55.56 
Question 6: On this course, when in the studio, what is the ratio of time is spent on presentations by the 
to other coursework? 
0-10% 14 31.82 
10-20% 24 54.55 
20-30% 5 11.36 
30-40% 1 2.27 





Question ร: On average, how many hours a week do you spend outside the scheduled studio classes on work related 
to this course? (Include any open shop time). 
No. % 
4 9.09 0-2 
2-4 
4-6 
























ռ ¡1 ^ ^ ^ 빼 
0-2 2-4 4-6 6 or гтюгө 
No. of hours 
Question 7։ tt is easier for me to ask questions or express my ideas during discussions with my group in the studio 
teaching classes than to do the same (ก front of the lecturer and the whole class in traditional lectures. 
No. % 
Strongly agree 15 33.33 
Agree 15 33.33 
Neutra! 7 15.56 
Disagree 6 13.33 
Srongty disagree 2 4.44 
Question 7 Srongty 
Disagree ^*«^9^«« 







Question 8: After discussions with my group mem bers, I have better chances to reinforce or correct my concepts quickly. 
No, % 
Strongly agree 7 15.56 
Agree 19 42.22 
Neutral 10 22.22 
Disagree 8 17.78 
Srongly disagree 1 2.22 
Question 8 
Quesüon 9: I have more confidence to ask the lecturer questions or to express my ideas to the lecturer after 

















Q u e s t l o n 9 
strongly -
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Q i w t l o n 11: เท the studio, I have a chance ot know how other students handle the same problems, and can sometimes 
learn different ways of thinking, which cannot be achieved through the traditional system of assignment submitting and 
No. % 













Question 12: łf a lot of students have questions when solving a problem or they get things wrong in the same problem, studio 
teaching gives opportunities to the lecturer to repeat the orresponding facts, concepts ortechiques right away. 
No. % 











Question 12 Srongly 
disagree 
Agree 
Question 13 ร™"S'y 
disagree 
Question 13ะ H is easier for me to follow the materials delivered in a studio teaching approach 
No. % 
Strongly agree 4 8.89 
Agree 12 26.67 
Neutral 13 28.89 
Disagree 11 24.44 






Question 14: The present studio teaching cłasses have successfully focused on student-centred leamiing rather than 
teacher-centred teaching. 
No. % 














Question IS: tf the same materials are taught by the same lecturer, I think I will I earn more during s tud ю teaching 
classes than in traditional teaching classes. 
No. % 
Strongly agree 10 22.22 
Agree 14 31.11 
Neutral 12 26.67 
Disagree 5 11.11 
Srongiy disagree 4 8.89 





Question 16: If the same materials are taught by the same lecturer both in studio teaching mode and traditional 
teaching mode, I prefer attending classes in the studio teaching mode. 
No. % 




















Question 18: I feel that I have been ?% enthusiastic in the activities in the studio teaching classes. 
No. % 
0-20% 2 4.44 
20-40% 1 2.22 
40-60% 8 17.78 
60-80% 19 42.22 
B0֊100% 13 28.89 
Questran 18 
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